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PREFACE TO THE FIRST EDITION 


This little book has been prepaiecl to meet the wants of those 
students who only require the Geometiy necessary for the Art 
Student's course The work necessary for the Second and Third 
Giade Ait Certificates is fully covered, and the Student who has 
tlioioughly mastered the contents of the book will find himself well 
equipped either for examination or for taking up a more advanced 
course of the subject 

The book contains ovei seven hundred figures arranged m a 
convenient form, and a very complete and exhaustive collection 
of exercises, and coveis rather more giound than is absolutely 
necessary for the South Kensington Examination m Geometrical 
Drawing The ehaptei on Solid Geometiy has been made un- 
usually full, as the Author’s experience is that one of the student’s 
chief difficulties is the want of sufficient variety of examples in 
this important branch of the subject. 

The Author is indebted to Bradley’s f Practical Geometry’ 
(Library of Useful Knowledge), and his later woik published foi 
the Committee of Council on Education, Winter’s ‘ Geometrical 
Drawing/ Carroll’s ‘ Practical Geometry foi Science and Ait 
Students/ and Meyer’s 4 Handbook of Ornament/ for much useful 
information 

I H M. 

SnEFriMj), August 1890. 


PREFACE TO THE THIRTEENTH 
EDITION 


This Edition has been carefully revised. New figures have been 
added, and the chapter on Solid Geometry rewritten 


Sept. 1912. 


I H,I 



The Publishers desire to acknowledge the kind 
permission of the Controller of H M Stationeiy 
Office to reprint the Examination Papers at the 
end of this book. 
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SYLLABUS 


OF 

ART EXAMINATION 

GEOMETRICAL DRAWING (ART) 


Note — The portions of this book dealing with the present 
syllabus are indicated m italics . 


This examination is intended to test — 

(A) The students’ ability to use compasses, T square, set squares, 

protractor, and scales, m showing their knowledge of ordinary geo- 
metrical figures, and " ^ & 

(B) Then power of applying these figures as bases foi ornamental 
and decoiative work, which they may be required to do by freehand 
drawing or by means of instruments. 

Candidates will be lequned to qualify in : — 

(A) 1, Constructions of triangles (Chap V.), quadrilaterals (Chap 
VI), and polygons from given data (Chap. VIII. and Chap. X probs . 
110-116) * l 

2. Describing circles to satisfy given conditions — passing thiough 
given points (Chap. VII. probs 61-70), touching lines and circles 
(Chap. XI. probs 121-126 and 146-163) Drawing stiaight lines 
touching circles {Chap. VII. probs 71-76) 

3. Construction oi figuies similar to given figures (Chap. X. p>robs 
117 — 119) 

4. Proportional division of lines, including third, foiuth, and mean 
proportionals, extreme and mean ratio (Chap. IV.). Plain and 
diagonal scales. ^Scale of Chords (Chap IX.). 

5. Construction of the ellipse, drawing its tangents and normals. 
Drawing curves defined by simple conditions (Chap. XIV.). 

6. Inscribing and describing rectilinear figures and circles within 
and about others (Chap. XI. probs 127-145, 164-177, and Chap. 
XII.) 

7. Plans, elevations, and sections of simple geometrical solids, 
singly or m combination, m simple positions (Chap XV.). 

(B) The application of geometrical constructions to setting out 
schemes of ornamental patterns, construction of units of patterns, 
spacing of wall and other surfaces for decorative purposes, and con- 
struction of arch forms, tracery, and mouldings, etc (Chap. XVI). 
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CHAPTEE I 
XHTKODTTCTXON 

In Practical Geometry we apply the principles of Theoretical 
Geometry to construction by the aid of instruments. The student 
who has a knowledge of Euclid will find it of considerable 
service m understanding the principles used, and also in remem- 
bering the methods of construction adopted. 

It is of the highest importance that the problems should be 
worked with the greatest possible accuracy and neatness, and m a 
variety of positions, as problems frequently present fresh difficulties 
when the position of the pomts or lines is altered 

The instruments used need not be numerous, but should be of 
the best make and finish that the student can obtam, as inferior 
instruments frequently cause much trouble and vexation, and 
render the accuracy so indispensable in a geometrical drawing an 
impossibility. The following are absolutely essential — 

1. A Drawing-board with a perfectly level surface, and with its 
corners true right angles Half- imperial is a very convenient size. 

2. A T square. — This is used to draw lines parallel to the edge 
of the board. It is not advisable to use it for the purpose of draw- 
ing vertical as well as horizontal hues, as, if the board be not true, 
inaccuracies will be caused m the drawing. The vertical lines are 
best obtained by using the set square. It is advantageous to have 
the edge of the T square bound with hard wood, and bevelled. The 
blade should be screwed on to the head, as this arrangement allows 
the set squares to be used more freely 

3 Two set -squares, havmg angles of 45° and 60° respectively 
Hollow-framed ones with bevelled edges are the best. These aie 
used to obtam perpendiculars and parallels. Skilful manipulation 
of these useful instruments will enable the student to construct 
many simple figures by their aid alone. 

4 Pencils. — These should be HH for the construction lines, and 
H or HR for darkening the lines of the constructed figure. They 

B 



GEOMETRICAL DRAWING 


are best sharpened like the edge of a chisel for geometrical drawing, 
as the point lasts longer. 

5 Mathematical instruments —These should include : — A com- 
pass with movable pen and pencil legs (those with needle-points 
are preferable, as they do not make so large a hole m the paper) ; 
a pair of dividers, for measuring , a mathematical pen, for ruling 
lines m ink. In addition to these, a set of spring bow compasses , 
for desciibmg small arcs and circles, are of great assistance. Indian 
ink must always be used vith the instruments, as it does not 
con ode them , that sold m a liquid form is very convenient After 
the pens have been used they should be carefully wiped, to 
prevent rust 

B Scale. — This should be 12 inches long and bevelled at both 
edges as m the illustration It should show the mch, half-mch, 
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and quarter-inch, subdivided decimally, the ordinary subdivisions 
1 >f eighths, twelfths, etc., and a scale of centimetres. 

7. Protractor — This is made either circular, semicircular, or 
rectangular. The illustration shows how the markings on the 



i octangular protractor are obtained from the semicircular one. 
The scale is figured from each end from 0° to 180°, so that it is 
equally convenient for setting out angles either m a right or left 
hand direction* 


/ xtroduc no y 3 

The instrument is used as follows .—Suppose it m leqmred tx 
set out an angle 
of 73 c at point C 
in the line A B 
Place the straight 
edge of the pio- 
traetor exactly on 
line A B, with the 
index on the point 
C. Mark a point 
D with a sharp 
pencil at 73° on the 
protractor. Re- ^ 
move the protrac- 
toi and join C and D Then DOB will he the required angle 

8 Paper^and pms — For ordinary pencil- work cartndge-papei is 
the most suitable , when the drawings have to be inked m, a bettei 
quality is desirable, such as Whatman’s smooth papers. Pins with 
heads soldered on are the most convenient 

Parallels and perpendiculars. — Remember that horizontal lines 
are drawn with the T -square, and vertical lines with the set-square. 
The following instruction is given on the examination papers of 
the Board of Education u Lines parallel or perpendicular to 
others may be drawn mechanically, without showing any con- 
struction. Lines may be bisected by trial. ” 
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CHAPTEK II 

DEFINITIONS, TEEMS USED, &e. 

I. A point has no magnitude. It merely indicates position, and 
is marked either by a dot or as in Fig. 1. 


LINES. 

2. A line has length and position, bnt neither breadth nor thick- 
ness. It is indicated by the letters placed at its extremities, as 
AB, Fig. 2. Various methods of drawing Imes are used m 
practice, as thick, thm, dotted, and chain lines. Fig 2. 

3. A straight line is the shortest distance between two given 

points. It is also called a right line ° 

4. A curved line is nowhere straight. There are endless varieties 
of curved hues. Fig. 3 is a simple curve. Fig. 4 is a compound, 
curve. 

5. A horizontal line is perfectly level, like the surface of still 
water. Fig 5. 

6. A vertical line is perfectly upright, like a plumb-line. 

Fig 6. 

7. An oblique line is neither horizontal nor vertical Fig. 7. 

8. Parallel lines are the same distance apart, and cannot meet, 
however far they may be produced. Fig 8. 

ANGLES. 

9 An angle is the inclination to each other of two straight lines 

which meet at a point, 

10 A right angle. — When one straight line meets another 
straight line so as to make the adjacent angles (those on each 
side of the line) equal to one another, each of these angles is a 
right angle, and the lines are perpendicular to each other In 
Fig. 9, the angles ABC and A B D are each right angles. 

11. An obtuse augle is greater than a right angle. Fig. 10. 

12. An acute angle is less than a right angle. Fig. 11. 

18. The vertex is the pomt where the two lines forming an angle 
meet, as at A, Fig 11. © 

14. Adjacent angles have a common vertex and one common 
arm. In Fig. 12, the angle B A B is adjacent to the angle BAG. 

15. The complement of an angle is the difference between it and 
a right angle In Fig 13, the angle 0 A B is the complement of 
the angle CAB, and C A B is the complement of C A B. 

16. The supplement of an angle is the difference between it and 
two right angles. In Fig. 14, the angle C A B is the supplement of 
the angle CAB, and vice versd. 
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TBIATO1ES. 

IT. A triangle is a figure contained by three straight lines. If 
it be supposed to stand upon one of its sides, that side is termed its 
base; the point where the other two sides meet is its vertex or 
apex, the angle at the vertex is the vertical angle, and the perpen- 
dicular from the apex to the base or base produced is the altitude. 
Thus, m Fig 15, if A B be the base, then 0 is the vertex or apex, 
A C B the vertical angle, and 0 D the altitude. 

Triangles are classified either from the comparative lengths of 
their sides, or fiom the magnitudes of their angles. 

ls£ With ref ei enct to their bides — 

18. An equilateral triangle has three equal sides. Fig 16. 

19. An isosceles triangle has two of its sides equal Fig 17. 

20 A scalene triangle lias three unequal sides Fig 18 

2nd, With reference to the angles : — 

21. A right-angled triangle has one of its angles a right angle 
The side opposite to the right angle is called the hypotenuse In 
Fig 19, A B is the hypotenuse 

22. An obtuse-angled triangle has one of its angles greater than 
a right angle. Fig. 20 

23. An acute-angled triangle has each of its angles less than 
a right angle Fig 21 

Note —All the angles of an\ triangle equal two right angles, or 180° , 
thus, if two of the angles of a triangle are respectively 60° and 50°, then the 
remaining angle must be 70°, to make up the 180°. 


OXTABBILATEEALS. 


. 24 * L quadrilateral figure is bounded by four straight lines. It 

is also termed a quadrangle, from having four angles. 

angleS0f any quadrilateral figure must always equal four 

25. A parallelogram is a quadrilateral figure in which the 
opposite sides are parallel. The straight line joining the opposite 
angles of the parallelogram is called the diagonal. In Fig. 22, A B 
is the diagonal. There are four parallelograms— viz , the square, 
the rectangle or oblong, the rhombus, and the rhomboid. 

26. A square has all its sides equal and all its angles right 

angles. Fig. 22. * 6 


27. A rectangle or oblong has its opposite sides equal and all its 
angles right angles Fig. 28. 

- A rhombus has all its sides equal, but its angles are not 
right angles. Fig. 24. * 

29. A rhomboid has its opposite sides equal, but its angles are 
not right angles. Fig. 25. 

30. A trapezoid has only two sides parallel. Fig. 26. 

81. A trapezium has none of its sides parallel, but may have two 
of its sides equal. Fig. 27. When two of the sides are equal, the 
hgure is sometimes called a trapezion, or kite. 
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POLYGONS. 

3 2. A polygon is a plane figure bounded by straight lines. 
Note. — In some works a polygon is defined as a figure bounded by more 
than four straight lines 

If the sides of the figure are equal, it is termed a regular polygon 
Fig. 28. If the sides are unequal, it is called an irregular polygon 
Fig. 29. 

Polygons are named according to the number of their sides : 

A pentagon has five sides. A nonagon has nine sides. 

A hexagon has six sides A decagon has ten sides. 

A heptagon has seven sides. An undecagon has eleven sides. 

An octagon has eight sides. A duodecagon has twelve sides. 


THE CIBCLE 

S3 A circle is a plane figure contained by one curved line, called 
the circumference, every point of which is equally distant from a 
point within the circle, called the centre (A, Fig. 30). 

Note —The circumference is sometimes spoken of as the circle. 

34. The diameter of a circle is the straight line passing through 
its centre, and is terminated at both ends by the circumference, as 
B C, Fig 30 It divides the circle into two semicircles. If two 
diameters be drawn at right angles to each other, the circle is 
divided into quadrants Fig. 30 

35. The radius of a circle is the distance from the centre to the 
circumference, as A B, Fig. 30. 

36. An arc of a circle is the portion between any two points in 
the circumference, as A B, Fig. 31. 

37. A chord is the straight line joining the ends of an arc, as 
the straight Ime C D, Fig. 31. 

38. A segment is the part of a circle bounded by an arc and its 
chord. Fig. 32. 

39 A sector is the part of a circle contained by two radii and 
the arc between them. Fig. 33. 

40. A tangent is a straight Ime which touches a circle, but does 
not cut it when produced, as AB, Fig. 34. 

41. Concentric circles have the same centre but different radii 
Fig. 35 
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CHAPTER III 

LIKES AND ANGLES 

PROBLEM 1. — To bisect a given line. 

With centre A, and any distance greater than half the line, 
describe an arc. With centre B, and the same radius, mtersect it 
in C and D. Draw the ime C D. Then the line C D bisects the 
given line at right angles, or is perpendicular to it (Euc i. 10.) 

The arc of circle E F may be bisected in a similar manner. By 
this problem a line may be divided into 4 equal parts by again 
bisectmg each half as shown. If those parts be again bisected, the 
ime would be divided mto 8 equal parts , and m a similar manner 
into 16, &c. 

PROBLEM 2. — To draw a perpendicular to a given line, from a given 
point in the line. 

Let 0 be the given point. With C as centre, and any radius, set 
off equal distances C 1 and C 2. With 1 and 2 as centres, and any 
radius greater than half 1 2, describe arcs intersecting at D. Draw 
0 D, the required perpendicular. 

PROBLEM 3. — To draw a perpendicular when the given point is at 
or near the end of the line. 

Let B be the given point. With centre B describe an arc. 
With the same radius cut this arc m points 2 and 8. Prom 2 and 
3 describe arcs intersecting at C. Draw B 0, the required perpen- 
dicular. 

Note. — Keep the same radius for describing all the arcs 

PROBLEM 4. — The same. (Another method.) 

Take any point C not m the given line A B Draw C B. With 
centre C and radius C B describe an arc cutting A B m 3) Join 
C and D, and produce until it cuts the arc m E. Draw B E the 
required perpendicular. 

Mote — All angles m a semicircle are right angles. (Euc. nr. 31.) 

PROBLEM 5 — The same (For large work when instruments are 

not available ) 

From B set off 3 equal divisions towards A to any convenient 
unit With centre B and 4 of the same units describe an arc at C 
With centre A and 5 units cut the arc at C. Draw B C the 
required perpendicular. (Euc. i 48 ) 

Mote. — Any triangle m which the square on one side equals the sum of 
the squares on the other two sides is a right-angled triangle, A C 2 * AB J T BC j 

or 5 2 ==S 2 -f4 2 . ’ 

PROBLEM 6. — To draw a perpendicular to a line from a given point 
Without it. 

Let A b© the given point. With centre A describe an arc 
cutting the given line B 0 m points 1 and 2. With centres 1 and 
^describe arcs intersecting at D. Draw A D, the required perpen- 
dicular. (Euc. 1. 12.) 
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PROBLEM 7 — To draw a perpendicular when the given point is 
nearly over the end of the given line. 

Let A be the given point With centre B and radius B A 
describe an arc With centre C and radius C A describe an arc 
cutting the first arc m A and X) Draw the perpendicular A D. 

Note —This method may be adopted for all positions of the point, two 
of which are shown. 

PROBLEM 8 — The same. (Another method ) 

Let A be the given point Take any point D m the line B C 
Join A D, and bisect it ra E With centre E describe the semi- 
circle A F D, cutting B C m F. Draw the perpendicular A F. 
(Ec<< ii r 31) 

PROBLEM 9 — To draw a line parallel to a given line, at a given 
distance from it. 

Let A B he the given line, and C D the given distance Take 
any points 1 and 2, and with radius C D describe two arcs, E and 
F Then the line touching the arcs will be the required parallel. 

PROBLEM 10 — To draw a line parallel to a given line through a 
given point 

Let A be the given point, and B C the given line With any 
point 1 as centre, and radius 1 A, describe the arc A 2. With A as 
centre and the same radius describe another arc Cut off 1 D equal 
to A 2 Draw A D, the required parallel. 

Note —Problems 2-10 would m practical work be done with T and set 
squares. 

PROBLEM 11 — To bisect a given angle. 

With centre A and any radius describe the arc B C With 
centres B and C describe arcs intersecting m D. Then the line A D 
bisects the angle 

By bisecting each half again, the angle will be divided into 4 
equal parts, as shown In a similar manner, it may be divided into 
8, 10, &c., equal parts 

PROBLEM 12 — To trisect a right angle. 

Let A B C be the given right angle With centre B and any 
radius describe the arc 1 2 With centres 1 and 2 and the same 
radius cut the arc m 3 and 4. The lines drawn from B through 
these points will trisect the right angle 

PROBLEM 13. — To make an angle equal to a given angle. 

Let BAG be the given angle Draw any line, DE With 
centres A and D describe arcs B C and F G- Cut off F G equal to 
BC (Ecrc. in 27.) 

PROBLEM 14 — Through a given pomt to draw a line meeting 
another line at an angle equal to a given angle 

Let A be the given pomt, B O the given line, and D the given 
angle. Through A draw a line parallel to B C. (Frob. 10 ) At 
the point A make an angle 1 A 2 equal to the angle D (F?ob 13 ) 
Produce A 2 to E. Then the line A E meets B C, and makes the 
angle AEG ©qua! to X>. (Euc i 29 ) 
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PROBLEM 15. — To bisect the angle made by two converging lines 
without producing them. 

Let AB and C D be the two lines. Draw a line parallel to AB 
at any convenient distance, and at the same distance draw another 
line parallel to C D intersecting the first parallel at E. Bisect the 
angle thus obtained. Then EF bisects the angle at which AB 
and C D are inclined. 

Motes. — 1 The angle of inclination might be found by drawing one parallel 
only to meet the opposite line 2 All circles required to touch the lines A B 
and C D would have their centres mEF 

PROBLEM 16. — From any given point to draw a line which should 
meet at the same point as two converging lines would meet if produced. 

Let A be the given point, and BO,DE the two convergmg lines. 
Draw any line A 2. Mark a point 1 in the line B C not m the same 
straight Ime as A 2 Join A 1 and 2 1, forming the triangle A 2 1. 
Take any pomt 3 m D E From point 3 draw 3 4 parallel to 21, 
and 3 E parallel to 2 A. From 4 draw 4 F parallel to 1 A, forming 
the triangle 3 4 F. The line A F passmg through the corresponding 
angle of each triangle is the line required. 

Motes. — 1 Two positions of the pomt A are given, one between and one 
outside the lines 2 Use the set square m obtaining the parallel lines m this 
and all complicated figures, as the describing of a number of arcs would cause 
confusion, 

PROBLEM 17. — To find a point in a line equally distant from two 
given points without it. 

Let A B be the given line, and C and D the given points. Join 
C and D ; and bisect by a perpendicular meeting A B m E. Then 
E is the required pomt, and E C equals ED. 

Mote — From E a circle could be described passmg through C and D 

PROBLEM 18. — Erom two given points without a straight line to 
draw two straight lines to meet the given line and make equal angles 
with it. 

Let A and B be the two points, and C D the given hne. Draw 
A E perpendicular to C D, by Prob. 7 Draw E B, cutting C D m 
F. Join A and F. Then A F and B F are the required lines. 

PROBLEM 19. — Through a given point between two converging 
lines to draw a straight line which shall be terminated by the given 
lines and bisected in the given point. 

Let A be the given point, and 0 D, E F the given lines. Draw 
A B perpendicular to E F, and produce it, making A G equal to A B. 
From G draw G D parallel to E F. From D draw D E through the 
pomt A. Then D E is bisected in the point A. (Euc. I 26.) 

PROBLEM 20. — To draw a line from a given point which shall 
make equal angles with two convergmg lines. 

Let A be the given point, and B 0, B D the converging lines. 
Produce B D, and bisect the supplemental angle thus formed. From 
A draw AF parallel to the bisecting line, BE 

If the converging lines do not meet , then obtain the supplemental 
angle by drawing a line parallel to B D, as shown m the second 
figure. Bisect the angle thus formed, and proceed as in the previous 
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PEOBLEM 21 — Prom a given point to draw a line so that the part 
intercepted between two given parallel lines shall be equal to a given 
distance 

Let A be the given point, B 0 and D E the two parallel lines, 
and F the given distance. 

Take any point G in B C. With centre G and radras equal to 
F describe an arc cutting DErnH, Draw G H. 

From A draw a line, A K, parallel to G H. Then the distance 
J K is equal to the given distance F. 

The solution when the given point is between the two parallel 
lines is exactly similar Both positions are shown. 

PEOBLEM 22. — To divide a line into any number of equal parts 
(say 5). 

Let A B be the given line. Draw a line at any angle, and set 
off any convenient distance five times. Draw 5B, and from the 
points 4, 8, 2, 1, rule parallels to 5B with the set square. These 
parallels will divide the line as required 

PEOBLEM 23. — The same. (Without using the set square.) 

Draw A 5 at any angle to AB At B make the angle A B5 
equal to the angle B A 5. ( Proh . 13.) From A and B, on the lines 
A 5 and B 5, set off 5 equal distances Join 5 B, 4 1, 3 2, 2 3, 1 4, 
and A 5, thus cutting the line A B into 5 equal parts. 

Note —This method should never be used m preference to that m Prob 22. 

PEOBLEM 24 — To construct an angle containing a given number of 
degrees 

The circumference of a circle is supposed to be divided into 360 
equal parts, called degrees The radius of a circle may be set off 
exactly six times round the circumference, hence, if an arc be 
described, and a portion cut off equal to the radius of the arc, an 
angle containing 60° will be obtained. With a knowledge of this 
principle, a variety of angles may be constructed. Constructions 
for angles of 60°, 120°, 30°, 15°, 45°, and 75° are shown on the 
opposite page 

For 60°, describe an arc, and cut it with the same radius. 

For 120°, describe an arc, and set off twice the radius. 

For 30°, obtain an angle of 60°, and bisect it. 

For 15°, obtain an angle of 30° as above, and bisect it 

For 45°, obtain an angle of 30°, and bisect the arc AB 
(30° + 15° = 45°.) 

For 75°, draw a right angle, trisect it, and bisect the top division, 

AB. 

Note— These angles may also be set out by using the T-square, with 
set-squares of 45° and 60°. 

Other angles also may be easily made 150° = 120° + 30° 
105° = 90° + 15°. 135° = 90° + 45°. 22\° = half 45°. 67|° = 45° + 
22|°; &c. 
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CHAPTER IY 

PROPORTIONALS 


If we compare two numbers with respect to the number of times 
one contains the other, a ratio is formed. Thus, as 9 . 3 is a ratio, 
and means the same as the fractional expression §, or that 9 con 
tarns 3 three times If we take two equal ratios, we have a pro- 
portion ; for example, § - § ; or 9 * 3 as 6 . 2. 

The first term of a ratio is called the antecedent , and the second 
term, the consequent. 

If the numbers are in true proportion, the product of the end 
terms, or extremes, equals the product of the middle terms, or means. 

4 If a straight line be drawn parallel to one side of a triangle , 
it cuts the other two sides , or those produced . proportionally,' 
(Etjc. ti. 2.) 


PROBLEM 25. — To divide a line m the same manner as another given 
divided line. 

Let AB be the line. It is to be divided similarly to C I) 

Draw a line at any angle to AB, and set off C 1, C 2, C3, and 
C D on it 

Jom D' and B. Draw parallels to D' B from 3', 2', and 1'. 
Then A B will be divided similarly to CD. 

PROBLEM 26 — To divide a line into three parts in the same propor- 
tion as the numbers 2, 3, and 4. 

Let A B be the given line. From A draw a line at any angle 
Set off 2 +3 + 4 equal parts. Join 9 and B From the points 5 
and 2 rule parallels cutting A B, so that AC:CD :DBas2:3 4 


PROBLEM 27 — To find a fourth proportional to three given lines. 

Let A, B, and C be the three given lines. Draw D J and D K, 
of indefinite length, and at any angle to each other Set off D E 
equal to A, D F equal to B, and E G- equal to C Jom E and F. 
From G- rule a parallel to E F, cutting off F H, the fourth pro- 
portional required. D E : D F : : E G- ; F H 

Notes.— -1 This construction answers for all cases It should be worked 
to scale, and the result verified by the student If the three lines be 3, 2£, and 
2 inches long, then the fourth proportional will be found thus — 8 2£ 2 FH, 

But 3 FH=2£x 2 Therefore, F H . = If inches. 

* -i? lme ? are l° n g> h is sometimes more convenient to proceed as 

in ±*roblem 27 a -—Draw two lines at any angle as before, and set off D E equal 
to 4’ S? d mi? e( ff^r to ? n M f ke P a e< l ual to C > and fr om,G- draw G H parallel 
“ 0 & * Tiien D H will be the fourth proportional less than any of the given 
fines The same method of construction is applicable when a fourth pro- 
portional greater than any of the given lines is required, but it is necessary 
to commence with the shortest line. See Problem 2 7b Draw two lines at 
any angle, and set off D E equal to C, D F equal to B, and D G equal to A 
J cm E F, and from G draw G H parallel to E F Then D H will be the fourth 
proportional greater. 



PROPORTIONALS 





20 


GEOMETRICAL DRAWING 


PROBLEM 28. — To find a third proportional to two given lines. 

Let A and B be the given lines. 

This problem is exactly the same as finding a fourth proportional 
to three magnitudes, the last two of which are equal. If we take 
numbers, for example, and require a third proportional to 8 and 4, 
the statement would read thus— 8 4 as 4 2. Here 2 is manifestly 
the third proportional, because it bears the same relation to 4 that 
4 does to 8. 

In the case of the given Imes, proceed in a similar manner, remem- 
bering that the line B is used as both the second and third term. 

Draw two lines at any angle Set off C D equal to A, and C E 
equal to B Join D and E Now set off D F, also equal to B. 
Draw F <3* parallel to DE Then E G- is the required third pro- 
portional. A:BasB:EGr. 

jNTote — The lme B maybe set off from C as in Problem 27 a the parallel 
fg cutting off the third proportional C g : which will be found to be of exactly 
the same length as E G 

PROBLEM 29, — To find a mean proportional to two given lines. 

Let A B and 0 D be the given lmes. 

Produce A B, and set off B E equal to 0 D. Bisect A E, and 
describe a semicircle. At B draw B F perpendicular to AE. 
Then B F is the mean proportional required. A B . B F as 
BF:BE. (Euc.vl 13) 

Hote —The square constructed on B P equals the rectangle constructed 
with sides equal to A B and CD 

PROBLEM 30. — To divide a line into an extreme and mean ratio — 
that is, so that one part shall be a mean proportional between the 
whole lme and the other part. 

Let A B be the given lme. Draw A C perpendicular to A B, and 
equal to half of it. Join B and C. With centre C and radius C A 
cut off C D. With centre B and radius B D cut off B E. Then 
the line is divided at E so that AE E B as E B A B, or so that 
the rectangle contained by AE and AB equals the square on 
EB. (Euc. vi. 30 and ii. 11.) 

PROBLEM 31. — To make a proportional copy of any irregular 
figure, such as a plan, map, or picture. 

It is required to copy the given map so that the lme A B shall 
be enlarged to the line X®Y. Draw A C at right angles to A B. 
Set off equal spaces on A B and A 0, and draw parallels forming a 
network of squares as shown. We now require the proportionate 
width of the new drawing — that is, the fourth proportional to the 
lines AB, XY, and A C. Set off X Y at any angle to A B Join 
A Y. Set off B C equal to A C Draw C Z parallel to A Y. 
Then B Z is the required width, and AB: XYasACiBZ. 

The parallel EF cuts off B F equal to the side of a square m 
the new drawing ; or X Y and X Z may be divided into the same 
number of equal parts as A B and A 0 are divided into. Draw 
parallels. With the pencil draw the figure carefully, taking care 
that each portion of the figure occupies a corresponding square to 
the original For example, the point A is at the junction of vertical 
3 and horizontal 5 _ on the original drawing, therefore it must 
occupy a similar position on the copy 3 
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CHAPTER V 
TRIANGLES 


PROBLEM 32, — To construct an equilateral triangle on a given 
straight line. 

Let A B be the given line. Wrth centres A and B, and the line 
A B as radius, describe arcs intersecting at C Jom A C and B C 
Then A B C is the required triangle. (Euc. i 1 ) 

PROBLEM 33. — To construct an equilateral triangle, the altitude 
being given 

Let A B be the given altitude. At B draw C D at right angles 
to A B. With centre A and any radius describe an arc On each 
side of A B construct an angle of 30° by cutting the arc m points 
2 and 3 from centre 1, and bisecting 1 2 and 1 3 by the lines A C 
and A D ADC is the required triangle. 

PROBLEM 34. — To construct an isosceles triangle, the base and 
altitude being given. 

Let A B be the base, and C the altitude. Bisect the base by 
the perpendicular, D E. Make D E equal to C. Draw A E, B E, 
forming the required triangle, A E B. 

PROBLEM 35. — To construct an isosceles triangle, the base and 
one side being given. 

Let AB be the given base, and C the given side With 
centres A and B, and radius equal to C, describe arcs inter- 
secting at D Join D with A and B. ABD is the required 
triangle. 


PROBLEM 36. — To construct an isosceles triangle, the base and 
vertical angle being given. 

Let A B be the base, and C the given vertical angle. With 
centre C describe an arc cutting off equal distances C 1 and C 2. 
J oin 1 and 2, forming an isosceles triangle, C 1 2. At A and B 
construct angles equal to the angle at 1. ( Prob . 13 ) ABD will 
be the required triangle. 

TyTote — ABD and 12 C are similar triangles. If the two base angles of 
the one equal the two base angles of the other, then the vertical angle D must 
equal the vertical angle C, because the three angles of any triangle must equal 
180°, (Euc i 32) 


PROBLEM 37. — To construct an isosceles triangle, the altitude and 
the vertical angle being given. 

Let A B be the altitude, and C the vertical angle. Draw D E 
perpendicular to A B Bisect the angle C At A construct 
angles B A E and B A D, each equal to half the angle C. D E A 
is the required triangle. 



triangles 


2 3 






24 


GEOMETRICAL DRAWING 


PROBLEM 38.— To construct an isosceles triangle, one of the equal 
sides and an angle at the base being given. 

Let A B be the side, and C the given angle 

Diaw any line BE At D make an angle equal to C, and cut 
off D F equal to A B With centre F and radius F D describe an 
arc cutting DEmG. Draw F G-. Then FDGis the required 
triangle 

PROBLEM 39. — To construct a right-angled triangle, the base and 
hypotenuse being given. 

Let A B be the base, and C the hypotenuse 

At A erect a perpendicular With centre B and radius equal 
to C cut the perpendicular m D Join B and D. 

PROBLEM 40 — To construct a right-angled triangle, the hypotenuse 
and an acute angle being given 

Let A B be the hypotenuse, and C one of the acute angles 

Bisect A B in D With centre D describe a semicircle on A B 
At A construct an angle, B A E, equal to C. Draw B E Then 
B A E is the required triangle, the angle in a semicircle being a 
right angle. (Euc in 31.) 

PROBLEM 41.— To construct a triangle, the three sides beinggiven. 

Let A B, C, and D be the lengths of the three given sides. 

With centre A and radius equal to C describe an arc. With 
centre B and radius equal to D intersect the arc in E Draw E A 
and E B Then A B E is the required triangle. (Euc, I 22.) 

PROBLEM 42. — To construct a triangle, the has© and the two 
base angles being given. 

Let A B be the base, and C and D the given angles. 

At A and B make angles equal to the given angles C and D. 
Then A B E is the required triangle. 

Mote. — Take the same radius for all the arcs 

PROBLEM 43, — On a given base to construct a triangle similar to 
a given triangle. 

Let A B be the given base, and ODE the given triangle. 

Make the angles at A and B equal to those at C and D, as in 
Frob . 42. 

PROBLEM 44. — To construct a triangle, the altitude and two sides 
being given. 

Let A B be the altitude, and 0 and D the lengths of the sides. 

At B draw a base line at right angles to A B. With centre A 
and radius C cut the base in E. With centre A and radius D cut 
the base m F. Draw A E, A F. 

PROBLEM 45. — To construct a triangle, the altitude and base angles 
being given. 

Let AB be the altitude, and C and D the base angles. 

At A and B draw lines G H and E F perpendicular to A B. 
At A make the angle G A E, equal to C, and the angle FAH, equal 
to D. A E F is the required triangle. 
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PROBLEM 46.— To construct a triangle, the base, altitude, and on© 
side "being given. 

Let AB be the base, 0 the altitude, D one ot ihe sides. 

Draw E F parallel to AB, at a distance equal to 0. 

"With centre A and radius D cut EFmG, A B G is the re- 
quired triangle. 

PROBLEM 47. — To construct a triangle, the base, altitude, and 
vertical angle being given. 

Let A B be the base, C the altitude, and D the vertical angle. 

At A construct an angle, B A F, equal to D. Draw A G at right 
angles to AF. Bisect A B by the perpendicular E G With centre 
G and radius G A describe the segment of a circle on A B. 

Draw H J parallel to A B, at a distance equal to C Draw 
H A and H B Then AHBis the required triangle 

Notes — 1 Any triangle on A B whose vertex lies m the arc AH JB will 
have its vertical angle equal to D (Euc m 33 ) Hence there will be two 
triangles satisfying the conditions, AHB and A J B 

2 This pioblem offers another solution to Problem 36 If an isosceles 
triangle were required on base A B, with its vertical angle equal to D, it would 
only be necessary to 30 m A and B with K (See Prob. 47a ) 

PROBLEM 48. — To construct a triangle, the base, one side, and the 
angle opposite the base being given. 

Let A B be the given base, C the side, and D the angle. 

At A construct an angle, BAF, equal to the angle D. 

Draw A G perpendicular to A F. Bisect A B by the perpen- 
dicular E G With centre G and radius G A describe the segment 
AHB With centre A and radius equal to C cut the segment m 
H Then A H B is the required triangle 

PROBLEM 49. — To construct a triangle, the base, the sum of the 
other two sides, and one of the base angles being given. 

Let A B be the base, C the sum* of the other two sides, and D 
one of the base angles. At A make an angle equal to D 

Cut off A E equal to C Draw B E, and bisect it by the perpen- 
dicular F G. J om G and B. Then A G B is the required triangle. 

N ote. — The triangle B G- E is isosceles, therefore G E = G B. and A G, G B 
= AE 

PROBLEM 50. — To construct a triangle, the base and the ratio of 
the angles being given. 

Let A B he the base, and let the angles be as 2 : 3 4. 

Produce AB, and describe a semicircle. Divide this se mi circle 
in 9 parts (2 + 3 + 4). Draw A 2 and A 5, giving the three angles 
of the triangle At B construct an angle, ABC, equal to the angle 
9 A 5, and produce A 2 to C, forming the required triangle, ABC. 

Notes. — 1. BC may be drawn paraHel to A 5 to form the angle A B C 

2 . The three angles, 9 A 5, 5 A 2 , and 2 A B, are equal to two right angles, 
therefore they must equal the angles of the triangle ABC. 
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PROBLEM 51. — To construct a triangle, the perimeter ahd two angles 
being given. (The perimeter of any plane figure equals the sum of 
its sides ) 

Let A B be the perimeter, and 0 and D the two angles. 

On A B construct a triangle with its base angles equal to the 
angles 0 and D. Bisect the angles at A and B by lines meeting 
at F. From F draw F G parallel to A E, and F H parallel to E B, 
giving F GH, the required triangle. 

Note — A G F and BHF are isosceles triangles, therefore AG=GF, and 
B H = H F The angle F GH — the angle EAB, and the angle FHG = the 
angle E B A (Euc i 29 ) 

PROBLEM 52. — To construct a triangle, the perimeter and the pro- 
portion of the sides being given. 

Let A B be the perimeter, and let the sides be as 3 * 4 5 Draw 
a line at any angle to A B, and set off 3 + 4 + 5 equal parts Join 
B and 12 Divide A B so that A C, C D, and T> B shall equal 3, 4, 
and 5 parts respectively. With centre C and radius C A describe 
an arc, and with centre D and radius D B intersect the first arc m 
E. Draw D E and C E, forming the required triangle, CDE. 

PROBLEM 53. — To construct a triangle, the base, the ratio of the 
other two sides, and the angle opposite to the base being given 

Let A B be the given base, 0 the angle opposite to the base, and 
let the two sides be as 5 : 6. 

Draw any line, DE. At D make an angle equal to C On D E 
set off five, and on D F, six, equal parts. Join 5 and 6. On line 
5 6 cut off 6 G equal to A B. Draw G H parallel to D 5. Then 
G H 6 is the required triangle, and is similar to the triangle 6 5 D. 

Note — If AB be longer than 5 6 , then both 5 6 and 6 D must be produced 
as m Problem. 53a 


CHAPTER VI 

atTADRILATERALS 

PROBLEM 54. — To construct a square, the side being given. 

Let A B be the given side. At A erect a perpendicular, A C, 
and make it equal to A B With centres 0 and B and radius A B 
describe arcs intersecting at D. Draw C D, B D. 

PROBLEM 55. — To construct a square, the diagonal being given. 

Let A B be the diagonal. Bisect A B by the perpendicular 
C D. With centre F and radius F A describe arcs cutting the 
perpendicular in C and D. Draw AD,DB,BC, and C A. 
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PROBLEM 56. — To construct a rectangle, tiie two sides being given. 

Let AB and 0 D be the two sides. At A erect a perpendicular. 
A E, and make it equal to CD 'With centre E and radius A B 
describe an arc, and with centre B and radius C D intersect the 
arc m F. Draw E F, F B. 

PROBLEM 57. — To construct a rectangle, the diagonal and one side 
being given. 

Let AB he the diagonal, and CD the side. Bisect AB m F. 

With centre F and radius F B describe a circle. With radius 
0 D and centres A and B cut the circle m G- and H. Draw A G, 
GB, BH, HA. 

Note — The angle in a semicircle is a right angle (Euc m 31 ) 

PROBLEM 58. — To construct a rhombus, the side and one of the 
angles being given 

Let A B be the given side, and C the given angle. 

At A construct an angle equal to C, and make AD equal 
to A B. 

With centres D and B and radius A B describe arcs intersect- 
ing at E. Draw D E, B E. 

PROBLEM 59. — To construct a rhombus, the diagonal and side being 
given. 

Let A B be the diagonal, and C the side. With radius C and 
centres A and B describe arcs intersecting at D and E. Draw 
AD, D B, B E, E A. 

PROBLEM 60. — To construct a rhomboid, the two sides and one of 
the angles being given 

Let AB and C be the two sides, and D the given angle. 

At A construct an angle equal to D, and make A E equal to C 

With centre E and radius AB describe an arc, and with centre 
B and radius C intersect the arc at F. Draw E F, B F. 

PROBLEM 61 — To construct a rhomboid, the diagonal and the two 
sides being given. 

Let AB be the diagonal, and C and D the two sides. 

With radius C and centres A and B describe two arcs. 

With radius D and the same centres intersect the arcs in E 
and F. Draw A E, E B, B F, F A. 

PROBLEM 62. — To construct a trapezium, the diagonal and two 
pairs of equal sides being given. 

Let A B be the diagonal, and 0 and D the sides. 

With centre B and radius C describe an arc. With centre A 
and radius D intersect this arc in E and F. Draw A F, F B, B E, 
and E A. 

PROBLEM 63. — To construct a trapezium equal to another given 
trapezium. 

Let A B C D be the given trapezium. Draw a b equal to A B 

With centres a and b, and radii equal to A 0 and B 0, describe 
arcs intersecting m c. With centres b and c, and radii equal to C D 
and B D, describe arcs intersecting in d. Draw ac, cd, and b d . 

Note. — The same principle of cuttmg the figure mto triangles may be 
applied to figures with any number of sides 
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EXERCISES. 

Hote —The exercises taken from the examination papers of the Science 
and Art Department m Subject I. are marked with the letters Sc., and those 
from the Art examinations are marked Art They should be worked in 
connection with the chapter to which they relate. 


CHAPTER III 


1 Draw a line 3" long ; mark a point If" below it, and from this point draw 
a perpendicular to the line 

2 Draw a lme, A B, 2 5" long From a point C m it, 5" from A, draw a 
line making 45° with C B , and at B draw a line at 75° with B C to meet it 

3. Draw a line 3 5" long. Divide it into 7 equal parts, and on f of the lme 
describe a semicircle 

4 Draw a lme 3" long, and erect a perpendicular from a point f " from one 
end, and without the line, without producing it 

5 From a point A draw two lines, A B, A C, making with each other an 
angle of 75° , bisect this angle 

0. Set off with your protractor an angle of 57°, and divide it into 4 equal parts. 

7. At the extremities of a line 3" long erect perpendiculars 2" and 2f'\long 
From the upper ends of these perpendiculars draw two equal lines meeting 
each other m the first line (JProb 17 ) 

8 From A and B, two points 2" apart, draw two right lines to meet at an 
angle of 70° (Art ) 

9 Through a point C, If" from a lme A B, draw two right lines, one parallel 
and the other perpendicular to A B (Art ) 


10 Draw two lines intersecting at an angle of 52° and between them 
place a lme 2*25 long, making 58° with one of them (Sc.) 

Note —Draw any line 2 25" long, and making 58° with one lme, and 
through its extremity draw a parallel to the one lme until it meets the other. 
A line from the point of intersection will be the line required, 

11. Draw a lme 8 5" long, and at one extremity erect a perpendicular 1*75" 

long. From the top of this perpendicular draw a lme to make an angle of 30° 
with the given line. (Sc.) (. Prob . 14.) 

12. Draw any two parallel lines, A. and B, H" apart. Mark a point P, 

| above A Through P draw a lme cutting the given lines m pSmts 1J" 
apart (Sc ) (Prob. 21 ) 8 

13. ABCis an obtuse angle, and X is a point within it. Determine 

X s position when A B = 2 33", B C = 3 15", ABC = 160°, A B X = 65° 
B C X = 37°. State the lengths of A X and B X. (Sc ) 5 


CHAPTER IV 

1 Find a fourth proportional to three lines whose lengths are 2V', 81". l£v " 
respectively 

2 Find a mean proportional between two lines, 2" and 1" long, and figure 
its length on the lme 

3 Draw a line 8*75" long, and divide it m the proportion of the numbers 2, 
7, 3, 6 Figure the parts 

4 Find a third proportional to two lines, If" and If" long 

5 Find a line which shall have the same ratio to a lme If" long that 2//' 

has to If" & A 

l^ote — If" * 2f" If" * required lme 

0. Draw a lme 2" long, and divide it into 4 unequal parts Draw another 
two-thirds of the length of the first line, and divide it proportionally to it, 
(Prob. 25 ) 

7. From the extremity A, of a lme A B, obtain the 4, f, and f of the lme 
* 2 ,P m ^ e a line 3 25" long into 4 parts, A, B, C, D, so that B is double of 
A, C three times A, and D four tunes A. 



EXERCISES 


33 


9. Produce a line, A B, 3" long, to a point P, so that BP A B as 3 5. 
(Sc.) 

UNTote — Draw a line at any angle, and set off 5 + 3 parts Jom 5 B, and from 
3 draw 3 P parallel to 5 B 

10. Find a point, P, m a line A B (2" long), produced, so that A P . A B 
as 7 4 (Sc ) 

N'ote. — Draw a line at any angle to AB, and set off 7 parts Jom 4B 
From 7 draw 7 P parallel to 4 B 

11. Divide a Ime, A B, 3 5" long, m a point P, so that the rectangle contained 

by AB, AP may be equal to the square on BP (Sc.) ( Prob . 30 ) 

12 Find a mean proportional to two lines, 2 5" and 1 5" long respectively. 
State any Problem that you know of which this is the solution. (Sc ) (Euc 
ir 14 ) 

CHAPTER V 

1. Construct a triangle with sides AB = 8", A C-2§", B 0 = 1^", and con- 
struct an angle equal to B A C. 

2. Two lines, A and B, 4" long, contain an angle of 45° Prom a point C 
m one lme draw a line to make equal angles with the two converging lines 

3 Upon a base of 2b" construct a triangle having two of its angles 75° and 
45° respectively, and then construct a similar triangle on a base of 2" (Art ) 

4 An isosceles triangle has a base of 1|" and a vertical angle of 42°. Con- 
struct it by using Problem 4Jla. 

5 Describe a segment of a circle which shall contain an angle equal to th© 
angle of an equilateral triangle (Prob 47 ) 

6 Construct an isosceles triangle with its equal sides 2£" long and the 
included angle 30° On the same base describe another isosceles triangle with, 
its vertical angle double that of the first triangle (Art ) 

Uofce — Bisect the sides, and find the centre for the circumscribing circle. 
The angle at the centre of a circle is double the angle at the circumference, 
standing upon the same base. (Euc m 20 ) 

7 Draw a triangle, two of whose sides are 2 5" and 3" respectively, the 
angle opposite the shorter side being 40° (Sc ) (Piob 38.) 

8 Draw a triangle having its vertical angle 30°, the base 1 7", and the sides 
as 4 5 (Prob 53 ) 

9 Construct a triangle of which the sides are as 1, 1 5, 2, the perimeter 
being 4" (Prob 52 ) 

10 Construct a triangle on a base of 2", altitude 1 75", and the angle 
opposite the base 42° (Sc) (Piob 47.) 

11 Construct a triangle whose sides, a b, be , ca, are S£", 2§", and 2" re- 
spectively On a c construct a second triangle, a d c, whose vertical angle, a d c t 
is equal to the angle a be, and the side a d l£" (N B — The angles upon the 
same base and m the same segment of a circle are equal ) (Sc ) 

ISTote — At a draw a line making with a c an angle equal to a b c, and use 
Problem 48. 

CHAPTER VI 

1 Construct a square of 4" sides, bisect the sides, and join the adjacent 
points of bisection, thus obtaining a second square, bisect the sides of this square, 
and obtain a third square Continue the process until five squares have been 
drawn (Sc ) 

2 Construct a rhomboid, one diagonal being 2", and the adjacent sides 

and 1" respectively (Prob 61 ) 

3. Construct a rhombus having an angle of 65° and abase of 3". Measure 
its two diagonals accurately, and write down their lengths 

4 The adjacent sides of a trapezium are 2 3" and 1 8" long respectively 
The included angle is 60° The other sides are 2£" and 3" Construct the 
figure, and give the length of the longest diagonal 

5 Upon a lme 1|" long describe a square, and divide it by parallel lines, 
alternately thin and dotted, mto 5 equal rectangles 

6 The diagonals of a parallelogram 2 4" and 4 2" long contain an angle of 
61°. Construct the parallelogram (Sc ) 

D 
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CHAPTER VII 
THE CIRCLE AND TANGENTS 

PROBLEM 64. — To find the centre of a circle 

Draw any two chords, A B, B C. Bisect them by lines aL right 
angles. The point D, where the bisecting lines intersect, is the 
centre. (Exjc. in. 1, Cor ) 

PROBLEM 65 — To describe a circle passing through three given 
points not in the same straight line. 

Let A, B, and C be the three points. 

Join AB, B C. Bisect both lines as above. From D, the point 
where the bisecting lines meet, describe the circle. 

PROBLEM 66. — To describe a circle about a triangle 

Bisect two sides, and proceed as m Problem 64. 

PROBLEM 67. — To describe an arc equal to a given arc, and having 
the same radius 

Draw any two chords, A B and C D, in the given arc. Bisect 
them, and find the centre E, from which the arc was described. 
With centre 0 and radius E F describe the arc G H, and make it 
equal m length to the given arc. 

PROBLEM 68. — To draw a tangent to a circle through a given 
point m the circumference. 

Let A be the given point. Find the centre, B. Draw B A and 
produce, making A C equal to A B. With centres B and C describe 
arcs intersecting at D. Draw D A, the required tangent. 

Motes. — 1 This method of drawing the perpendicular is preferable to the 
other methods when there is room to produce the radius, as it is likely to be 
more accurate 

2 A tangent is always at right angles to the radius. 

PROBLEM 69. — To draw a tangent to a circle from a given point 
without it. 

Let A be the given point. Fmd the centre, B, and draw B A 
Bisect B A, and describe a semicircle cutting the given circle in 0 
Draw A C, the required tangent. 

Mote — If the whole circle on A B were described, another tangent might 
be obtained 

PROBLEM 70. — To draw a tangent to an arc from a point m it, 
when the centre is not accessible. 

Let A be the given pomt. 

With centre A describe a circle. With centres B and C describe 
arcs intersecting m E and F. Draw E F. At A draw the tangent 
at right angles to E F, using H and G as centres for the intersecting 
arcs. 

Another solution is shown in Problem 70 a. Draw a chord, AB, 
from the given pomt A Bisect this chord. Draw C A Make the 
angle CAD equal to C A B. Then D E is the required tangent, 
the angle D A C bemg equal to the angle ABC. (Euc m. 32 ) 
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PROBLEM 71. — To draw a tangent to a circle which shall be 
parallel to a given straight line. 

Let A B be the given straight line. Find the centre, C, of the 
circle. From C draw a perpendicular to A B. Through I), the 
point where the perpendicular cuts the circumference, draw E F at 
right angles to C D. 

Note — In all problems where the centre of the circle is not given, it must 
be found as shown m Problem 64 

PROBLEM 72. — To draw two tangents to a circle to meet at a 
given angle. 

Let the given angle in this case equal 60° 

From the centre, B, draw any line, B C. Take any point, C, and 
on each side of the line B 0 construct an angle equal to half the 
given angle — in this case 80°. Now apply Problem 71, and draw 
perpendiculars BE,B3). Through F and G draw parallels to E C 
and DC. 

PROBLEM 73. — To draw a common tangent to two equal circles 
which shall not cross the line joining their centres. (This is com- 
monly called an exterior tangent ) 

J oin the centres A and B At A and B draw perpendiculars 
A C, B D. Through the pomts C and D draw the exterior tangent. 

PROBLEM 74 — To draw a common tangent to two equal circles 
which shall cross the line joining their centres. (Interior tangent ) 

J om the centres A and B. Bisect A B in C, and A C in D. With 
centre D and radius D A describe a semicircle. Draw A E, and 
from B draw B F parallel to A E. (Use set square.) Through 
E and F draw the interior tangent. 

PROBLEM 75. — To draw an exterior tangent to two unequal 
circles. 

Join the centres A and B. From C set off C D equal to B E, 
the radius of the smaller circle. With centre A and radius AD 
(the difference of the radii of the given circles) describe a circle. 
Bisect A B, and describe a semicircle From B draw BF,a tangent 
to the small, described circle. Through F draw A G, and from B 
draw B H parallel to A G. Through the pomts G and H draw the 
exterior tangent 


PROBLEM 78.— To draw an interior tangent to two unequal circles. 
Join the centres A and B From C set off CD equal to BE. 
With centre A and radius AD (the sum of the radn of the given 
circles) describe a circle. Bisect AB, and describe a semicircle. 
From B draw B F, a tangent to the large, described circle. Draw 
A F and from B draw B G parallel to A F. Through the points 
G and H draw the interior tangent. 

FTote. In Problems 73, 74, 75, 76, two tangents might be drawn if 
required, as shown m dotted line on Problem 74. * S drawn, it 
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CHAPTER VIII 

REGULAR POLYGON'S 

PROBLEM 77. — To construct ANY regular polygon on a given line, 
AB (m this case a pentagon). 

Produce A B, and with centre A and radius AB describe a semicircle 
Divide the semicircle mto as many equal parts as the required figure has sides 
(in this case five) with the dividers Join A with 2, giving another side of 
the polygon. (Always join A with the second division for any polygon ) Bisect 
the two sides, AB and A 2, by lines meeting at O, giving the centre of 
the polygon With centre O and radius O B describe a circle Mark off BE 
and 33 D equal to A B Draw B E, BD,D2, forming the required pentagon 

Notes. — 1 The accuracy of this construction depends upon the conect 
division of the semicircle and the care with which the centre is obtained 

2 A semicircle may be divided into three equal parts by marking off its 
radius three time* To get 6 equal parts, bisect each third part , to get 9, trisect 
each third part To get 4 equal parts, bisect each half , by bisecting again, 8- 
will be obtained If the set squares are perfectly accurate, the semicncle may 
be divided mto 4 by using the 45°, and into 3 by using the 60°, set square 

PROBLEM 78. — To construct a regular hexagon on a given lme, 
A B. (Special method.) 

With centres A and B and radras A B describe arcs intersecting 
in 0. With centre O and the same radius describe a circle, and set 
off A B round it. J oin the pomts, thus forming the required hexagon. 

N ote — The side B C may be obtained by using the 6Cr set square, and 
the hexagon quickly set up by this means 

PROBLEM 79. — To construct a regular octagon on a given lin e, 
A B. (Special method.) 

Erect perpendiculars at A and B. Produce AB both ways. 
With centres A and B and radius A B describe quadrants. Bisect 
each quadrant, obtaining BE and AF, two more sides of the 
octagon. From E and F draw parallels to A C and B D, and make 
them equal to A B. Draw E F and G H. Make K D and L O 
equal to J B. Join the points H, D, C, G. 

Notes —1 The lines from A and B through M and N will also give the 
pomts H and Gr. 

2 B E, A F, H D, G C may he readily obtained by using the 45° set square 

PROBLEM 80. — To construct a regular polygon by using the pro- 
tractor. 

The number of degrees in each angle of a regular polygon may be 
readily found as follows : — From twice as many right angles as the 
figure has sides subtract four right angles , and divide this result 
by the number of angles the figure contains . (Euc. i. 32, Cor.) 

Suppose the regular polygon to be a pentagon. 

The pentagon has)foe sides , therefore take ten right angles Deduct/owr, 
leaving six right angles. The solution will then be = 108° The angles 

for other polygons may be found m the same manner For an octagon the 
solution would be — — = 135° 

Place the protractor on AB, with its centre on B (see page 2). 
Mark 108°, reading from the left. Place the centre on A, and 
mark 108°. Make A D and B C equal to A B. With centres D 
and C and radius AB describe arcs intersecting m E. Draw 
DE.EO. 
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PROBLEM 81. — To inscribe ANY regular polygon in a circle 
(approximate). 

Draw the diameter A B. (If the centre of the circle he not 
given, draw a chord, and bisect it.) Divide A B into 7 equal parts. 
With centres A and B describe arcs intersecting at 0. From 0, 
through the second part, rule 0 D, cutting off A D, one of the sides 
of the polygon Set off A D round the circle, and join the pomts. 

Notes. — 1 The greatest care must be exercised in dividing the line and 
in drawing the lme from C exactly through the pomt 2 

2 The circumference of the circle may be divided into the number of parts 
required with the dividers, and the points joined to form the figure 

8 The hexagon, octagon, and duodecagon are more easily inscribed m a 
circle by special methods 

PROBLEM 82. — To inscribe a regular hexagon in a circle. (Special 
method ) 

Draw the diameter A B. With centres A and B set off the 
radius on each side. Join the pomts. 

PROBLEM 83. — To inscribe a regular octagon in a circle. (Special 
method ) 

Draw the diameter A B. Bisect it at right angles by the dia- 
meter CD Bisect each quadrant thus formed, cutting the cir- 
cumference mto 8 equal portions. Join the pomts thus ob tamed. 

PROBLEM 84. — To inscribe a regular duodecagon in a circle 
(Special method.) 

Draw two diameters, at right angles to each other, as before. 

With centres A, B, C, D, describe arcs passing through the 
centre of the circle and cuttmg the circumference. Join the points 
thus obtained, forming the required polygon. 

PROBLEM 85. — To complete a regular polygon, two adjacent sides 
and the included angle being given. 

Let AB, B C, be the two sides, and ABC the included angle 
(m this case 120°). Bisect the two sides. Describe a circle passmg 
through the points A, B, C. Set off the length of one side round 
the circumference, and jom the pomts thus obtained. 

PROBLEM 86 — To inscribe ANY regular polygon in a circle by using 
the protractor. 

If all the angles of a polygon be joined with the centre, there 
will be formed as many equal isosceles triangles as the polygon has 
sides, having their vertical angles at the centre equal. All the 
angles at the centre equal four right angles. (Euc. i. 15, Cor. 2 ) 
Hence, if 860° be divided by the number of sides the regular 
polygon has, the magnitudes of the central angles will be obtamed. 
For example, it is required to inscribe a regular pentagon in a circle 

qoaO 

by this method. The central angle in this case will he — - = 72®- 

5 

Draw any radius, O A. Make the angle A O B equal to 72°, with 
the protractor. Set off the distance AB round the circumference, 
and join the points. A B 0 D E is the required pentagon. 
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PROBLEM 87. — To describe ANY regular polygon about a circle 
(say a pentagon). 

Divide the circumference of the given circle into as many equal 
parts as the polygon has sides, m the same manner as for the in- 
scribed polygon ( Prob . 81, Note 2 ) From the centre, O, draw lines 
through each point. Draw A B, one of the sides of the inscribed 
pentagon. Draw the tangent C D parallel to A B. Make OE,OF, 
O G, equal to O D Draw D E, E F, FG, GO, tangential to the 
circle. Then C D E F G is the required pentagon. 

PROBLEM 88. — To construct ANY regular polygon, the length of 
any diagonal being given. 

Let AB be the length of one of the longer diagonals of a 
regular heptagon. 

On any base, C d , construct a regular heptagon. (Prob. 77.) 
From C draw the diagonals, and produce them, if necessary. Mark 
off C F equal to A B on one of the longer diagonals. Draw F E, 
ED, FG, GH, HJ, parallel to the corresponding sides of the 
heptagon. 

JSTotes — 1 If the length of the shorter diagonals be given, proceed m an 
exactly similar manner. 

2 If one of the longer diagonals of a hexagon, octagon, or duodecagon be 
given, bisect it, describe the circumscribing circle, and proceed as m Problems 
82, 83, and 84 

PROBLEM 89. — To construct ANY regular polygon, having the dia- 
meter given (say a pentagon). 

Note.— The diameter divides the polygon mto two equal parts It is 
the line passing through the centre of the polygon, and terminated at the 
middle points of two opposite sides in a polygon having an even number of 
hides When the number of the sides is uneven , the diameter is drawn through 
tbe centre, from one angle to the middle of the opposite side 
. Let AB be the given diameter. Through B draw a line at 
right angles to A B. Set off B c, B d , any equal distances on each 
side of B. Describe a pentagon on c d. Through e and f draw 
lines from B. From A draw A E and A F parallel to a e and af. 
and from E and^ F draw ED and FC parallel to ed and fc. 
Then C D E A F is the required pentagon. 


PROBLEM 90. — To construct a regular pentagon, the diagonal being 
given. (Special method.) 

Let AB be the diagonal. An important property of the 
pentagon is, that if the diagonal be divided into an extreme and 
mean proportion (Prob. 30), the greater segment of the diagonal so 
divided will equal the side of the pentagon. 

Divide AB into an extreme and mean ratio at D. Then BD, 
the greater segment, will be the side of the pentagon. With centres 
and radius B D describe arcs intersecting at E. Draw 
?T , ^ EA, , two sldes of the P enta 8°n. With centre Band radius 
±> A describe an arc. With centre A and radius A E intersect the 
are m F. With centres F and B and radius FA describe arcs 
intersecting in G. Draw AF, F G, GB. 
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CHAPTER IX 

SCALES 

Drawings are not usually made of tlie same size as the objects which, they represent. 
It would be manifestly inconvenient to draw the plan of a building its proper size, as 
the drawing would be too large for use , but if a drawing were made on which every 
yard of the object was represented by an inch, then we should have a diagram showing 
the relative proportion of the parts, but drawn to a different scale As every inch on 
the drawing represents a true length of one yard, the drawing would be on a scale of 
1 inch to lyard y or because each line on the drawing is part of its true length 
This fraction is called the representative fraction, and shows the ratio each line 
on the drawing bears to the object delineated. 

The scale of a drawing may be stated in words, as 1 m to 1 yd , by its representative 
fraction , as -fa, or by drawing a line divided into equal parts , each representing the unit used. 

Scales, to be of use, should fulfil the following conditions — 1 Divided with great 
acciu acy , and carefully numbered 2 Long enough to measure the principal lines of the 
drawing 3 The zero (0) must always be between the unit and its subdivisions 4 The 
name of the scale should be written on it, and the representative fraction shown 


PLAIX SCALES 

Plain Scales are divided into a suitable number of equal parts or 
units, the first of which is subdivided into smaller parts 

PROBLEM 91. — To construct a scale of ^ in. to 1 ft , or to mea- 
sure 6 ft. 

Rule two parallel lines about $fch of an inch apart. Set off 6 half inches. 
Divide the first part into 4, showing spaces of 3 m Figure the scale as shown, 
placing the zero between the feet and the subdivision into inches. 

PROBLEM 92. — To construct a scale of J in. to 1 mile, showing miles 
and furlongs, and measuring 4 miles. 

Draw two lines as before Set off 4 spaces of § in each. Divide the first 
part into 8, showing the furlongs, and number as shown. 

Mote. — The representative fraction in this scale is -f-H* = — . 1 _ Every 

lm 63360 m 84480 J 

lme of the object drawn to this scale would be 84480 times as longasthat of the drawing 

PROBLEM 93.— Draw a scale of to show yards and feet, and 
measuring 5 yds. 

The scale has to be long enough to measure lines 5 yds long ; therefore, its 
total length will he ^ or ^ of 1 yard, that is, 8 in. Draw two lines, 8 m. long. 
Divide, and number as shown 

PROBLEM 94. — Construct a scale of *875in to 10 ft , to measure 40ft. 

If 10 ft are represented by 875 in., then 40 ft would be represented by 
875x4=3 5m Take a line m long, divide it into 4 equal parts, giving 
distances of 10 ft. Divide the first part into 10 equal parts, showing feet. 

Representative fraction = = — .J? ss-fa 

10 ft. 120 in 120 m 

PROBLEM 95. — Draw a scale showing 5£ yds. to 1 in , to measure 
20 yds. 

If H yds be represented by 1 in., then 2 m. will represent 11 yds. Draw 
a lme, and set off A B, 2 m. 

Divide this distance into 11 equal parts. Each of these parts will represent 
1 yard Add 9 more parts, to make up the 20, and complete the scale as shown 

PROBLEM 96 — One inch represents 13 ft 4 in. Draw the corre- 
sponding scale, divided generally into 10-ft. lengths, with one such length 
subdivided into single feet 

The representative fraction ~ The unit is a distance of 

lo ft 4 in. 160 

10 ft. If 160 in be represented by 1 m , then 10 ft , or 120 in , will be repre- 
sented by H§=#m Set off distances of | m., representmg 10 ft. Subdivide 
the left-hand division into 10 equal parts, showing single feet. 
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PROBLEM 97. — The line A B represents 3J yards. Construct a scale 
showing* yards and feet, to measure 10 yards." 

Divide A B into 7 equal parts, showing -|-yards. Produce the 
line to the required length. Subdivide the left-hand division into 
3 equal parts, showing feet. 

PROBLEM 98 — The given line, A B, is 2 ft. 5 m. long by scale. 
Pi o luce it so as to make it 6 ft. 

Draw A C at any angle, and set off 2 ft 5 m to any convenient 
scale ; 2^ in. will do. Draw B C, and rule parallels cutting A B 
into 2 ft. 5 m Add on the required number of feet 

DIAGONAL SCALES 

By means of tie diagonal scale very mmute distances may be measured 
with great accuracy The principle of its construction is as follows — If the 
rectangle ABCD, on the opposite page, be divided into 8 equal parts by 
parallels to A B, and the diagonal D B be drawn, then a number of similar 
triangles will be formed (Euc vi 2) If D 4 is half D A, then 4 a will be half 
A B In the same manner, D 1 is § of E> A , therefoie, 1 b will be $ of A B. 

From a plain scale we get two dimensions, such as yards and feet; from a 
diagonal scale we may obtain three dimensions, such as yards, feet, and inches 

PROBLEM 99. — Draw a diagonal scale showing inches and tenths. 

Draw a line A B, and set off inches. At A erect a perpendicular, 
and set off 10 equal parts to any convenient unit, and from each 
part draw parallel lines to A B. Erect verticals at each primary 
division. Draw the diagonal from 0 to 10. 

Mote — We may obtain from this scale inches and tenths, thus — Suppose 
l^j, or 1 7 m , be required Place the dividers where vertical 1 meets horizontal 
7 (point e ), and open until point / is reached, a 6 = liV, or 11m , cd =1^, 
or 1 2 m ; g h—2^, or 2 8 in 

PROBLEM 100. — Draw a diagonal scale showing inches and 
hundredths of an inch. 

Draw the 11 parallels, and set up the verticals as before. 
Now divide A0 into 10 equal parts, and join the first part on the 
left with 10 at the end of the top line. Buie parallels from each 
of the parts as shown. 

Note —Each part on the line A O shows tenths of an inch, and the dis- 
tance 9 a on the second lme from the top will be of a tenth— that is, ^ oi 
an inch The distance 1 & = or 13; cd = 1^, or 1 31 , e/=l^, or 1 86 

If 1 59 inches were required from the scale, place one point of the dividers 
on the point g, where the vertical 1 meets the horizontal 9 , open the dividers 
to the point h, where the diagonal 5 meets the horizontal 9 

PROBLEM 101. — Draw a scale of ^th to show yards, feet, and 
inches, and show a distance of 2 yds. 2 ft. 7 in. on the scale. 

A ’scale of ^ would be £ in to the yard. Draw a line, A B, and 
set off distances of |[ in. Divide the firstpart into 3, showing feet. 
Draw the vertical A3, and set off 12 equal parts Buie parallels, 
and complete the scale. 

To obtain the required distance, place one pomt of the dividers 
on a, where vertical 2 meets the horizontal 7, and extend the other 
pomt to b , where the diagonal 2 intersects the horizontal 7. 
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THE SCALE 0 F CHORDS 

Angles are sometimes set out and measured by using the scale 
of chords It is marked on a scale by the letters f C ’ or 4 CHO , 5 
and is figured from 0 to 90 

PROBLEM 102 — To construct a scale of chords. 

Draw the quadrant ABC Divide the arc A C into 9 equal parts. From 
centre A turn down the divisions to AB, and complete as shown 

Notes — 1. The divisions are unequal* decreasing gradually from A to 
X) 2 The distance from A to each division on the scale is the chord of the 
angle containing that number of degrees. 3 The chord for 60° (A to 60) = 
the radius A B 4 On the scale distances of 1° are shown 

PROBLEM 103 — To construct angles of 50° and 105° by means of 
the scale of chords 

Draw any line, AB. With centre A and tadius 0 to 60° from the scale, 
describe an arc Now take the distance from 0 to 50°, and intersect the arc 
m C Then B A C is the angle of 50° For 105°, take the distance from 
0to55°, and set off from C, giving BAB, the angle of 105° (50°+ 55° = 105°). 

PROBLEM: 104 — To measure the size of an angle by means of the 
scale of chords. 

Let B A C (P?o6. 103) be the given angle. With radius 0 to 60° from the 
scale, describe the arc B C. Take the distance B C, and apply to the scale, 
giving 50°. 

THE SECTOR 

This instrument is shown on the opposite page The most important of 
the scales marked on it are the line of lines, marked Xi, and the line of 
polygons, marked POL The following problems show some of its uses 

PROBLEM 105 — To bisect a line 

Open the sector until the transverse distance from 10 to 10 on L equals 
the given line Then the distance from 5 to 5 will be half the line 

.Notes. — 1. Measure with the dividers from the inside line, where the dots 
are marked. 2. The transverse distances at 8 and 4, or 6 and 3, &c , may also 
be used for the bisection. 

PROBLEM 106 —To divide a straight line into 7 equal parts 

Open the sector until the transverse distance from 7 to 7 on L equals the 
given line. Then the transverse distance from 1 to 1 will be |th of the given 
line 

PROBLEM 107 — To find a fourth proportional to three given lines f 
A, B, C 

From the centre O, on L, set off O D equal to A Open the sector until 
the transverse distance at D equals B Then, if O E be set off equal to C, 
the transverse distance at E will be the required fourth proportional 

PROBLEM 108 —To inscribe a regular pentagon m a circle. 

Let O A be tbe radius of the circle Open the sector until the transverse 
distance from 6 to 6 on POL equals O A Then the transverse distance at 

5 will equal the side of the pentagon 

Motes — 1 Always make the radius of the circle equal the distance from 

6 to 6 2 If a heptagon were required, then the distance from 7 to 7 would 

equal the side 

PROBLEM 109.— To construct a regular heptagon on a given line. 

Let A B be the given lme Open the sector until the transverse distance 
from 7 to 7 equals AB With A and B as centres, and the distance from 6 
to 6 as radius, describe arcs intersecting at O With centre O and the same 
radius describe a circle. Set off the distance A B round the circumference 
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CHAPTER X 

THE USE OF SCALES IN THE CONSTRUCTION OF IRREGULAR 

POLYGONS, AND IN THE REDUCING, ENLARGING, AND 

COPYING OF PLANE FIGURES. 

PROBLEM 110 — To construct an irregular polygon having given 
the lengths of the sides and the magnitude of the angles. 

Sides, AB-13", BC1-2", CDlf, DElf, E A 1 4". 
Angles, ABC 140°, B A E 100°. First make a rough freehand 
sketch, lettered and figured, as a guide Draw A B and make it 1 3" 
(1^) long from the scale Make the angles ABC and B A E equal 
to 140° and 100° respectively, either with the piotractor or scale of 
chords Make B C 12" and A E 1 4". 

With centre C and radius If" describe an arc. With centre E 
and radius If" intersect the arc in D Draw ED, CD. 

Note. — The angles of figures are usually lettered in order, starting fiom 
the first letter 

PROBLEM 111. — To construct an irregular polygon, the lengths of 
the sides and diagonals being given. 

Sides, AB = 1-9' ',BC = 1", C D = 1*85" DE = 1*75", E A = If". 
Diagonals, A C = 2 17", BE = 2 4". Make a rough sketch of the 
figure as before. Draw A B 1*9" long With centre B and radius 
1" describe an arc, and with centre A and radius 2*17" mtersect 
the arc m C. (This distance may be taken from the diagonal scale 
showing hundredths of an inch ; it is marked by the letters A C on 
the figure for Problem 100.) Draw the triangle A B E in a similar 
manner. With centres C and E describe arcs of 1*85" and 1*75" 
radii intersecting m D. Draw B C, C D, D E, E A (The distance 
C D is shown on the same scale by the letters D E.) 

Note. — Problems 111 and 112 are drawn half size 

PROBLEM 112 — To construct an irregular polygon, having given 
two sides, the lengths of the diagonals drawn from one angle, and the 
angles between them. 

Sides, AB = 1*15", B C = 1 S". Diagonals, BD = 2 4", BE = 
2-3", BF = 2". Angles, ABF = 30°, FBE = 45°, EBD = 85°, 
DBC = 25°. 

After making a sketch, draw A B = 1*15". With the protractor 
set off angles A B F, F B E, E B D, D B C. Make BC,BD,BE, 
B F equal to the lengths given. Draw CD,DE,EF, FA. 

PROBLEM 113 — To construct an irregular polygon having given a 
point O within the polygon, the distance from the point to each angle, 
and the angles round the point. 

O A = 50', OB = 55', OC = 60', OD = 25', OE-75', OF = 40'. 
Angles. — A OB- 65°, A O F = 50°, F O E = 75°, E O D - 30°, DOC 
= 55°. Scale, 45 ft -1 inch. 

First construct the scale, showing distances of 5 ft. After 
making a sketch, fix a point O, draw O B, and set out the angles 
BOA, AO F, FOE, EOT, DOC with the protractor Take the 
lengths of the lines given from the scale and jom the pomts, A, B, 
C, X), E, F, with each other. 
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PROBLEM 114. — To construct an irregular polygon from a rough 
diagram, the dimensions on the diagonal and the offsets or ordinates 
being given 

AE = 3 ch 501., A 6 = 75 L, A y = 90 L, Ac-2 ch. 20 1 , A /= 

2 ch. 90 1 , A d- 3 ch. Offsets, b B = 1 ch. 10 L, g G = 80 1., c 0 = 25 1 , 
/E-lch. 30 L, ^ D = 90 1 

Scale, | in. to represent 1 chain. 

Representative Fraction - ^1^56* 

First construct the scale. As no distances in the figure are 
required smaller than 5 links it will only be necessary to divide the 
unit into 20 parts. This will be more accurately performed by 
means of a diagonal scale. Draw "5 parallel lmes. Set off 4 spaces 
of | m each and draw verticals. Divide the first space into 5 equal 
parts giving distances of 20 links. Draw the diagonals, thus ob- 
taining distances of 15, 10, and 5 links. 

Next draw A E, 3 ch. 50 1. ffom the scale ( a b on the scale), and 
set off A b (cd on scale), A g, A c 9 A/, A d At the points 6, g , c, 
/, d draw the offsets, taking the distances from the scale. J om the 
points A, G, E, E, D, C, B. 

PROBLEM 115 — To construct an irregular figure from a given 
figured rough sketch. Scale, 20 ft. = 1 in. 

Representative Fraction = i-jSh = -A-. 

* 20 ft. 240 

First draw the scale. As the longest distance to be measured 
is under 40 ft. the scale need be only 2 in. long. Divide the first 
inch into 20 parts. 

Draw any line A B. At A draw A C at an angle of 90° and make 
it 27 ft. long by scale. Make an angle of 30° at C and draw O D 
15 ft. by scale. At D make an angle of 100° and draw D E 85 ft. long. 
Proceed in a similar manner for the other lmes and angles. From 
G draw G B at right angles to A B. 

PROBLEM 116. — Construct a six-sided polygon abcdef , such 

ft Q O O 

that ef = ~ - af ; de-ad; and ab~ — be . The rest of the data 

2 3 3 

are given on the figure. Scale 10' 0". 

First construct a plain scale showing feet, and long enough to 
measure a e . Then draw a e 56' by scale. On a e construct the 
isosceles triangle a d e t making the sides d a and d e 49' long To 
obtain point c, draw a line parallel to a e and 22' ffom it, and with 
centre e and radius 42' from the scale intersect the parallel. Draw 
2 

dc, (ab--b c- 18'.) With centre a and radius 18' describe an 
arc, and with centre c and radius 27 / intersect the arc in h . Draw 
cb,ab . (ef = =28', and § af= ef, therefore af= 42'.) With 

A O 

centre e and radius 28' describe an arc, and with centre a and 
radius 42' intersect the arc m / Draw a f,fe. 

Note. — The figure is drawn half its proper size. 
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PROBLEM! 117. — To make a reduced drawing of a given figure. 

Let ABC D EF be the given figure. It is required to reduce 
it so that each side shall be f of its length on the given figure. 

Method 1. — Draw BF, BE, BD. Divide AB into 8 equal 
parts B a will be one of the required sides. Draw af , fe, ed,dc 
parallel to the corresponding sides of the figure. 

Mote — The principle is the same as m Prob 88 

Method 2. — Divide AB into 8 equal paits as before Take B a 
and place it in the same straight line or parallel to A B Draw af, 
bf parallel to AF, BF, thus obtaining point f From / draw a 
parallel to F E and from b draw a parallel to B E giving point e. 
Proceed in a similar manner for the other sides. 

Method 3. — Trisect each side and construct the figure by apply- 
ing the principle of Prob. 63. 

Motes — 1 Two other figures are given showing the application The 
sides of both lectangle and triangle are reduced two- thirds 

2 A figure may be reduced to any given size by this method. 

PROBLEM 118. — To make an enlarged drawing of a given figure 

Let A BCD EF be the given figure. It is required to enlarge 
it so that A B may be equal to the given line a h. 

Draw AC, A E, AD and produce them. Set off ah fiom A. 
From b draw b c paiallel to B 0, and proceed as m the previous 
problem. 

PROBLEM 119. — To enlarge or reduce a drawing by means of a 
PROPORTIONAL SCALE. 

It is required to enlarge the given drawing so that A C shall 
equal 2J ms. 

Construct a proportional scale by drawing two lines at any angle 
to each other, set oft a c equal to A C and a c' equal to the required 
distance, 2£ ins. Join cc\ Set off the distances Al, A 2, A 8, 
A 4 on ac. From each point rule parallels to c c' giving the pro- 
portionate distances for the new drawmg. 

Draw the centre line 2J ms long and on it set off the distances 
a P, a 2', &c. Through a ' and c' draw perpendiculars Set off A a; on 
ac and obtain ax' the width of half the door. Set this distance off 
on each side of a' and erect perpendiculars. Through V, 2 7 , 3', 4' 
draw parallels. For the width of the panels set off A 5, A 6 on a c 
and proceed as before. 

To reduce a drawing proceed m a similar manner. The only 
difference will be that the gvven dimensions will be set off on the 
longer line of the scale and the rOguired dimensions will be 
obtained from the shorter line. 

PROBLEM 119a. — To reduce or enlarge a drawing by squaring. 
See Prob. 81. 
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PROBLEM 120. — To copy figures. 

The copying of given figures is an exercise of considerable im- 
portance m helping to form habits of accuracy and quickness m a 
draughtsman. The proper construction lines must be first obtained, 
and always m drawing symmetrical figures remember to set out the 
centre Imes first. Several examples are here given, with the proper 
method of proceedmg. 

Figure 1 represents a Greek fret. It will be found that the 
pattern is formed upon ten equi-distant horizontal lines intersected 
by vertical lines forming squares. Draw the pattern in firmer line, 
keepmg the shade line darker. 

JSTote — The figure is given half size The same method of construction 
must be employed when copymg any fret 

Figure 2. — Rule the parallels first. Draw the verticals, and with 
the 60° set square obtain the equilateral triangles as shown. Keep 
the proper relation between thick and thin lmes. Make your copy 
double the size of the given figure 

Figure 3. — Draw the figure to the dimensions given. 

It will be seen that a square of 8" sides divided into 9 equal 
squares will contain the inner lines of the four squares of which the 
figure is composed. Draw the diagonals, and about each square 
describe another square at the required distance. In thickening, or 
inking in the pattern, be careful to notice the portions that overlap. 

Figure 4 — Draw the pattern to the dimensions given. As the sides 
of the small squares and the distances between them are equal, 
draw a Ime and set off 5 equal spaces of f " each. On this distance 
construct a square and divide it mto 25 equal squares. 

To obtain the other lines divide the alternate squares as shown. 

Figure 5. — Draw the figure, making the centres of the circles 
inch apart. Radius of the large circle §", of the smaller one 
Draw the centre Ime, set off the centres and describe the circles. 
For the centres of the connecting arcs describe equilateral triangles 
as shown. 
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Figure 6. — Copy the double spiral, which is composed of semi- 
circles apart ; the diameter of the smallest semicircle is $ in. 

Draw a line A B and set off 12 equal spaces of J", and with 
centres 8 and 9 describe three concentric semicircles above the line 
from 8, and below the line from 9. The centres for the connecting 
semicircles will be midway between 2, 8, and 9, 10. Describe the 
arcs which have equal radii before commencing the next. 

Figure 7. — Buie the horizontal and vertical lines as shown, and 
from each centre describe two concentric circles. The finished 
pattern should be thickened or mked m. Let the centres for each 
circle be g" apart. 

Figure 8. — Draw the figure from the given dimensions. 

Draw a line A B and set off distances ot §", 1£", §", 1J", §", 1J", 
Mark the centre for each of the circles and describe them, 
omitting the portions which are omitted in the copy. 

3STote — The given figure is drawn to a smaller scales 

Figure 9. — Draw the figure from the given dimensions. 

Begin with the centre lines A B and C D. 

Set off on C D distances of J", 4", J", Describe 

the circles Set off 1 J" on each side of the centre of A B and draw 
the vertical lines E and F Describe the semicircles and complete 
the figure. 
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EXERCISES 

Note —Any figures relating to the following exercises will be found on page 63. 

CHAPTER VII 

1 Describe a circle radius, and from a pomt A, 3" from its centre, draw 
a Ime touching the circle. 

2 Describe two circles with radii and 1", having their centies 2&" apart. 
Draw a right line to touch both these circles 

3 To a circle of 1 25" radius, draw two tangents which shall contain an 
angle of 60°. (Sc ) (Pwb. 72 ) 

4 Describe a circle of 1£" radius, and draw tangents intersecting each 
other from two points m the circumference 100° apart 

5 Describe a circle 1 5" radius Draw a straight lme 1 75" long withm the 
circle On this lme construct an isosceles triangle having its vertical angle 
m the circumference of the circle 

6 Draw a circular arc of large radius, and draw a tangent to it without 
finding the centre of the circle. 


CHAPTER Vm 


1. Construct a regular hexagon having its diagonal 3 inches. 

2 On a base of 1£" construct a regular heptagon 

3. Describe a circle with a diameter of 2*9". About it describe a regular 
nonagon. 

4 On a side of f" set up a regular octagon by means of the set square. 

5 In a circle of 3 5" diameter mscnbe a regular pentagon 


6. Construct a regular pentagon whose diagonal shall be 3". (Sc.) (Pi oh 


7. Construct a regular hexagon on a base of 75", and on the same base con- 
struct a similar hexagon having its side 1 25" long (Prob 117 ) 

8 Copy the hexagons (Pig 1) which are drawn to a scale of f" to 1' 0" and 
make them to 1' 0" (Art ) 

Nfote The figure is gi v en half its proper size and the construction lines are indicated 


CHAPTER IX 

1. Construct a scale 5 ft long, 1£ m to 1 ft. to show inches. What is its 
representative fraction ? 

2 Construct a scale 2 inches to 1 yard to show 5|- feet. What is its re 
presentative fraction ? 

3 The given lme (Pig 2) is 2 ft 6 m long Produce it to measure 3 ft. 6 m 
(Art ) 

4 Convert A B 2 ms. long into a diagonal scale showing ^ of the lme. 
(Art.) 

5 Construct a plain scale f in to 1 ft , and mark upon it a distance of 
5 ft 7 m. by the scale. (Art.) 
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6 Convert tlie given scale (Fig S) into a diagonal scale reading mdb.es. 
State the representative fraction of tins scale (Sc ) 

Note —The first division will require dividing into 10 equal parts, and twelve paral- 
lels must be ruled to obtain the inches 

7. Construct a scale of chords on a radius of 4 25" to read to 5° By means 
of this scale plot an angle of 75° (Sc ) 

8 Given a scale of yards (Fig 4) Deduce from it a scale of feet to read to 
V 0" and show 70' 0" 

Note —The given scale is £ its proper size and shows 20 yds or 60 feet Divide it 
mto 6 equal parts, showing distances of 10 feet, and add one space on to obtain 70 feet 
Subdivide the first part into 10 to obtain one foot 

9 The lme a b (Fig 5) represents 3' 9" Constiuct a scale reading mches 
and showing 10' 0" The scale to be correctly figured (Sc ) 

Note —Draw a line at any angle from a, and set off 3f to any unit Divide a b and 
add the distance required as m Probs 97 and 98 

10 Construct a tnangle with sides 10' 6", 14' 0", and 16' 3" Scale J" to 
1 ' 0" (Sc) 

Note— First construct the scale. As divisions equal to J of will be needed, a 
diagonal scale should be used. 

11 Transfer the given scale (Fig 6) to your paper and complete it neatly, 
with figuring, &c Write down the representative fraction (Sc ) 

Note— The scale measures 3 75", therefore its representative fraction will be 

_ 3 , 75 Reduce to lowest terms 

50yds x3x 12 

12. Make a scale 6" long to read feet and inches Fraction (Sc ) 

13. A length of 100 yds is found to measure 3 6" on a drawing What is 
the fraction of the scale ? Construct a scale to read yards, making it not less 
than 4 ms long (Sc ) 

14 Give the representative fraction of a scale on which S£" represents 
2247' 0" Construct a scale of reading inches (Sc ) 

15 Construct a scale of showing yards. Scale to be properly figured 
and not less than 7" long (Sc ) 

Note — 1 m stands for 468 ms , that is 13 yards 

10 Construct a scale of T V to read inches and show 10' 0" (Sc ) 

Note —To find the length of the scale If 19 feet be represented by 1 foot, what 
distance will be represented by 10 feet? 19 ft 10 ft as 12 ms required length, 
whence required length =H^ 1 -= ms Draw a lme 6^ ms long and divide it into 
10 equal parts showing feet Subdivide the first umt mto 12 equal parts showing inches. 

17 Draw a scale of 12 5 feet to 1 inch and give the fraction. (Sc ) 

18 A line 100 ft long is represented on a drawing by a lme 4" long Make 
a scale of feet for the drawing and give the representative fraction 

19 A line 50 yds long is measured from A to B at right angles to a lme 
joining A with another point C The angle subtended by the hne A C is found 
to be 47° Find by construction the distance from A to C Scale 20 yds to 
an inch 

20 Describe a circle of radius Within it inscribe a regular nonagon 
by means of the sector, (Prob. 108 ) 
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CHAPTER X 

1 On a base 2" long construct a figure similar to the given figure (Fig 7). 

2 Construct an irregular pentagon, sides 2£", 2", 1?/', 1", and The 
angle between the longest and shortest sides to be 100° and the diagonal join- 
ing the extremities of the two longest sides 2£". (First draw a rough sketch ) 

3 Draw any irregular four-sided figure, no side less than lj|". Construct 
a similar figure whose sides are lb times those of the first figure (Sc.) 

4 The tops of two vertical poles are 85' 0" apart The poles are 40' 0" apart 
The height of one pole is 12' 0". Determine the height of the other pole. Scale 
l"tol0'0" (Sc) 

5 Draw a circle of 1 25" radius with centre O The comers of the polygon 
inscribed m this circle are so that the angles at the centre are as follows 
AOB = 60°, BOC = 70°, C O D = 50°, D O E = 80°, E O F = 50° Write down 
the lengths of A B, B C, C D. (Sc , 1871 ) 

0 Construct an irregular polygon from the following dimensions. Sides 
A B = 2", A F = 1 8". Diagonals, A D = 3 5", A E = 3". Angles, ABC= 33°, 
B AC=40°, B AD = 59°, B AE = 118°, BAF = 130° 

7 Construct an irregular pentagon having its sides 2", 2£", 2|" 2&", 2§" 
respectively and with two of its angles right angles. 

8 Draw to a scale of 40 yds to an inch an irregular polygon ABCDE5 1 , 
AB = 140 yds ,B C = 113 yds , angle A B C = 180°, C D = 82 yds , AD = 20O yds, 
D E = 138 yds, AE = 140 yds , EF = 67 yds, F A = 90 yds. 

ETote —A diagonal scale will be required, showing the mch divided into 40 parts. 

9 The sides of a quadrilateral figure AB C D are as lollows * — A B =1", 
BC= 1", C D = 1^", A D = 1^", and the diagonal BD = 1^". Construct the 
figure and obtain a similar figure whose perimeter is 4". 

ETote —Find a fourth proportional to the perimeter of the constructed figure (4|"), 
the perimeter of the required figure (4"), and the side A B of the constructed figure (1") 
This will give the side of the required figure Set off this distance on B A and proceed 
as m Prob. 117 

10 The given figure (Fig 8) represents a Maltese cross Two dimensions 
and an angle are given Draw the cross from the figured dimensions to a scale 
of to 1' 0". (Sc ) 

E'ote —The chief construction lines are indicated on the figure, which is drawn to a 
smaller scale Commence with the inner square 5' 6" side Draw the diagonals and 
diameters of the square, and produce them. Prom the centre set off V 3" on each side and 
draw parallels. On each side of the diagonal produced set off 20° From a draw a line 
parallel to the vertical diameter to meet the diagonals Complete the figure as shown. 

11. Copy the given figure (Fig 9), making the diameter of the circle 4" and 
the width between the parallel lines 

ETote —Obtain the points as for the inscribed pentagon by using the protractor 

12 Copy the figure (Fig. 10) to the dimensions given. 

ETote.— Commence with the dotted lines 
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CHAPTER XI 

CIRCLES TOUCHING LINES AND CIRCLES 

PROBLEM 121. — To describe a circle passing through a given point* 
and touching a given straight line in a given point. 

Let A be the given point, and B the point in the given straight 
line. ^ ° 

At B draw B O perpendicular to the given line Join A B. 

At A construct the angle OAB equal to the angle OB A. 
With centie O and radius OB describe the circle. 

Notes —1 The centre must lie m the lme B 0, because the given line will 
be a tangent to the circle 2 The bisection of A B will also give the centre. 

PROBLEM 122. — To describe a circle passing through a given point* 
touching a given straight line, and having a given radius. 

Let A be the given point, B the given line, and C the radius 

Draw a line parallel to B and at a distance equal to C. 

With centre A and radius equal to 0 intersect this lme in O. 

With centre O and radius equal to C describe the circle. 

PROBLEM 123. — To describe a circle of a given radius to touch two 
converging lines 

Let A B and C D be the two lines and E the radius. 

At a distance equal to E draw lines parallel to A B and C D. 

From O where the two parallels intersect, with radius equal to 
E, describe the circle. 

PROBLEM 124. — To describe a circle touching three given straight 
lines which make angles with each other. 

Let A B, A C, CD be the given lmes. 

Bisect the angles at A and C by lines meeting at 0. Draw 
0 E perpendicular to CD. With centre O and radius 0 E describe 
the circle. 

PROBLEM 125. — To describe a circle touching two converging lines 
and passing through a given point between them. 

Let AB, AC be the two converging lmes and D the given 
point. 

Bisect the angle B A C by the lme A X ; the centre of the circle 
must he m this lme. From any point E draw E F perpendicular 
to AB and describe a circle touching A B and A C Join A with 
the given point D. Draw E G, and from D draw D H parallel to 
G E With centre H and radius H D describe the circle 

PROBLEM 126. — To describe a succession of circles touching each 
other and two converging lines 

Let A B, A 0 be the two lines. Draw AD bisecting the angle 
BAC. b 

Take any point E, draw E F perpendicular to A C and describe 
a circle touching the two lines. Draw G H tangential to the circle 
at J * 

Make GK equal to GF. From K draw KL parallel to FE 
for the centre of the next circle. Proceed in a similar manner for 
the other circles. 
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PROBLEM 127, — To inscribe a circle m a triangle. 

Let A B C be the triangle. 

Bisect any two angles, and proceed as in Pu>b. 124. 

PROBLEM 128. — To inscribe two equal circles in an isosceles 
triangle, touching each other and two sides of the triangle. 

Let A B C be the triangle. Draw the perpendicular A D divid- 
ing the triangle into two equal triangles. Find the centre O of the 
triangle A B D. For the centre of the other triangle join C E, and 
from 0 draw a line parallel to B G and meeting CEmP. From 
centres 0 and P describe the circles. 

PROBLEM 129. — To inscribe three equal circles in an equilateral 
triangle, each touching one side and two circles. 

Let ABC be the triangle. Divide it into three equal 
triangles by bisecting the sides Find the centre of the triangle 
OBC and inscribe a circle Set off 0 2, O 3, each equal to O 1 
With centres 2 and 3 describe the circles. 

Note — If parallels to the sides of the triangle be drawn through 1, 2, and 
3, the angles 4, 5, and 6 of the triangle thus formed will be the centres for 
thiee more equal circles which may be inscribed in the triangle. 

PROBLEM 130. — To inscribe four equal circles in a square, each 
touching one side and two circles. 

Let A B C D be the given square. 

Draw the diagonals and the diameters of the square. 

Find the centre of the triangle A O B as m the preceding 
problem, and inscribe a circle. Set off the centres as shown, and 
describe the circles. 

PROBLEM 131. — To inscribe in any regular polygon as many equal 
circles as the figure has sides, each touching one side and two circles. 

Let the polygon in this case be a pentagon. 

Divide the figure into as many equal triangles as it has sides, 
and inscribe a circle m each triangle as in the preceding problems. 

PROBLEM 132. — To inscribe three circles in a spherical triangle, 
each touching one side and two circles. 

Let A B C be the triangle. Bisect the angles at A and B by 
lines meeting at 0, and draw CD. At D draw a tangent to meet 
O A produced Bisect the angle thus formed and inscribe the circles 
as m Frob. 129. 

PROBLEM 133. — To inscribe three equal circles in a hexagon, each 
touching one side and two circles. 

Draw the diameters of the figure. Produce two of these, and 
form a triangle as shown. Inscribe the circles. 

Hote. — Problems 128 to 134 all depend on Problem 127. 

PROBLEM 134. — To inscribe a circle in a square. 

Draw the diagonals to find the centre 0. For the radius, draw 
0 D perpendicular to the side. With centre 0 and radius O D 
describe the circle. 
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PROBLEM 135. — To inscribe four equal circles in a square, each 
touching two sides and two circles. 

Draw the diagonals and the diameters of the given square. 
Draw the diagonals AB, BC, CD, DA, giving the centres of each 
of the four squares. For the radius of the circles join E and F. 

PROBLEM 136. — To inscribe a circle in any regular polygon. 

Bisect two of its angles as m the given pentagon. O will he the 
centre, and O A the radius. 

Notes — 1. Bisecting two of the sides by perpendiculars will also give the 
centre 

2 If the polygon has an even number of sides, the radius must he found 
by drawing a line from the centre perpendicular to one of the sides 

3 To describe a circle about the figure, 0 will he the centre and O B the 
radius 

PROBLEM 137. — To inscribe a circle in a rhombus 

Draw the diagonals to obtain the centre. From O draw O A 
perpendicular to one of the sides for the radius. 

PROBLEM 138. — To inscribe a circle in a trapezion. 

Draw the diagonal A B. Bisect one of the other angles. The 
point O is the centre. For the radius draw a perpendicular to one 
of the sides 

PROBLEM 139. — To inscribe three equal circles m an equilateral 
triangle, each touching two sides and two circles. 

Bisect each of the angles by the lines A E, B D, and C F, thus 
dividing the triangle into three equal trapezions. Bisect the angle 
CFB, obtaining centre 1. Set off centres 2 and 3. To obtain the 
the radius jom 1, 2. With centres 1, 2, 8 inscribe a circle in each 
trapezion. 

Mote— To msciibe in any regular polygon as many circles as the 
figure has sides, each touching two sides and two circles , divide the polygon 
into as many equal trapezions as the figure has sides, and inscribe a circle m 
each as above 

PROBLEM 140. — In ANY regular polygon having an even number 
of sides, to inscribe half as many equal circles as the figure has sides, 
each touching two sides and two circles. 

Let the given polygon be an octagon. Draw the diagonals. 
Inscribe a circle m the trapezion A B C O. Set off the other centres, 
and proceed as shown. 

PROBLEM 141. — To inscribe a circle in a sector. 

Let A B C be the sector. Bisect the angle B A 0 by the line 
A D Through D draw a tangent to meet A B, and A C produced 
Bisect one of the angles of the triangle thus formed With centre 
O and radius O D inscribe the circle 

PROBLEM 142. — To describe a circle to touch the arc of a sector 
externally and the two radii produced. 

Bisect the angle as before, and produce A D. Draw a tangent 
at D. Bisect the exterior angle at E by the line E O. With centre 
0 and radius O D describe the circle. 
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PROBLEM! 143 — To inscribe ANY number of equal circles in a circle 
In this case four. 

Divide the circle into twice as many sectors as circles required. 
In this case divide the circle into eight equal parts (Use the 45° 
set-square ) In the sector OAB inscribe a circle (Frob 141) 
With centre O and radius O O mark off the centres for the other 
circles and describe them. 

PROBLEM 144. — To describe ANY number of equal circles about a 
given circle Say six. 

Divide the given circle into twice as many sectors as there are 
circles required, and produce the diameters At A draw a tangent, 
and proceed as m Frob 142. 

Bet off the other centres and describe the circles. 

PROBLEM 145. — To describe about ANY regular polygon as many 
circles as the polygon has sides, each touching one side and two circles 

Let the given polygon be a hexagon Draw the diameters and 
diagonals of the polygon, and produce them both ways Complete 
as m the preceding problem 

Note. — Circles may be described about a triangle or a quadrilateral by 
applying the same principles. 

PROBLEM 146. — To describe a circle having a given radius, and 
touching another circle either externally or internally in a given 
point. 

Let A be the given radius, and B the point m the given circle 
Find the centre O Draw O B and produce it Set off B 1 and B 2 
equal to the given radius A The circle described from 1 will touch 
externally, that from 2 internally. 


PROBLEM 147. — To describe a circle passing through a given point 
A, and touching a circle in a given point B. 

The three positions of the point A should be worked. The 
same explanation applies to each figure The centre of the required 
circle must lie m the line drawn through B and O. Join A and B, 
and bisect. The centre must also lie m this perpendicular bisector 
Therefore C will be the centre in each case. With centre C and 
radius C B describe the circle. 

PROBLEM 148. — To describe a circle with a given radius, touching 
a given line A B and a given circle. 

Let the given radius be 0 75". Draw a line parallel to A B and 
0 75" from it Add DE = 0*75" to the radius of the given circle, 
and with radius C E describe an arc cutting the line m O. With 
centre O and radius 0 75" describe the circle. 
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PROBLEM 149 — To describe a circle touching a given circle at a 
given point A, and also touching a given straight line B C. 

I, Externally, — Join O, the centre of the given circle, and the 
given point A, and produce the line both ways At A diaw the 
tangent AB Make BC = BA From C draw C E perpendicular 
to B C With centre E and radius E C describe the circle 

II. To include the given circle — Bepeat the same construction on 
the other side of AB The required circle is shown in dotted line. 

PROBLEM 150 — To describe a circle touching a given circle, and 
also a straight line at a given point A 

I Externally — From A draw A E perpendicular to A B 
Through O, the centre of the given circle, draw B C also perpen- 
dicular to A B Draw A C, cutting the given circle m D Draw 
O D, and produce to meet A E From centre E with radius E A 
describe the circle 

II To include the given circle. — The construction is shown in 
Fig II. The explanation is the same as m I 

PROBLEM 151 — To describe a circle touching two given circles, one 
of them in a given point A. 

I. To include both circles. — From A draw a line through centre O. 
The centre of the required circle must be m this line. From P, 
the centre of the other circle, draw PB parallel to AO. Draw 
AB and produce to C Draw CP to meet AO produced m D 
With centre D and radius D A describe the circle. 

II. To include one circle — This may be followed from Fig. II 
The explanation is similar to that for I 

Note — CBP and CAD arc similar triangles. P C = PB and 
DA-DC. 

PROBLEM 152 — To describe a circle with a given radius to touch 
two given circles externally 

Let the given radius be 0 5". Add 0 5" to the radii of both 
circles. From centre A with radius A C describe an arc, and from 
centre B with radius B D intersect this arc in O With centre O 
and a radius of 0 5" describe the circle 

PROBLEM 153. — To describe a circle with a given radius to touch 
two given circles : L Including both circles. II. Including one circle. 

I Let the given radius be 2 Draw the diameters of both 
circles and produce them, making C D and E E each = 2". With 
centre A and radius A D describe an arc, and with centre B and 
radius B F intersect this arc m O. With centre O and radius = 2" 
describe the circle. 

II Let the given radius be 1*25", and let the smaller circle be 
included. As the circle is to touch the larger one, add 1*25" to the 
radius A C, and with centre A and radius A D describe an arc As 
it is to include the smaller, make EF = 1 25", and with centre B 
and radius B E describe an arc intersecting the first arc m O. With 
centre O and radius = 1*25" describe the circle. 
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PROBLEM 154 — To describe a circle passing through two given 
points A and B, and touching a given line CD 

I When the line joining the two points is parallel to the given hue. 
— Join A and B, and bisect by a perpendicular meeting CDmC 
The problem is now to describe a circle passing through the points 
A, B, and C The perpendicular bisecting A C gives the centre 

II When the line joining the given points is not parallel to the 
given line — Join A and B, and produce to meet the given line m C. 
Find C E, the mean proportional to C A and CB (C6 = CB) 
(P'iob 29) Make CP = CE F is the point of contact At F 
draw a perpendicular to C I) to meet the perpendicular bisecting 
AB. The intersection of these lines gives the centie. 

PROBLEM 155 — To describe a circle passing through two points 
A and B, and touching a given circle. 

Describe any circle passing through A and B and cutting the 
given circle m C and D Draw C D, and produce to meet A B 
produced m E From E draw a tangent E F to the given circle 
(Prob. 69) F is the point of contact. Describe a circle passing 
through A, B, and F 

PROBLEM 156 — To inscribe within a given circle of 1 5" radius two 
other circles having radu of 0 5" and 0 7" respectively, touching each 
other and the given circle. 

Draw the diameter A C Set off A 1 = 0 5", and describe one 
of the circles From B and C set off B 2 and C3 each = 0 7". 
From centre 1 with radius 12 describe an arc, and from centre O 
with radius O 3 intersect this arc m 4 From 4 with radius = 0*7" 
describe the second circle. 

PROBLEM 157. — To describe three circles touching each other, their 
radii being 1", 0 7", and 1 2" respectively 

Draw any line and set off AB = 1", and BC = 0 7". Describe 
two of the circles. Make B 1 and B 2 each = 1 2", From centre 
A with radius A 2 describe an arc, and from centre C with radius 
C 1 intersect this arc in O With O as centre and 1*2" as ratlius 
describe the third circle. The lines O A and O C show the points 
of contact. 

PROBLEM 158. — To describe three circles touching each other, the 
position of their centres being the points A, B, and C. 

Join the points., and find the centre O of the triangle thus 
formed From O draw a perpendicular O E to one of the sides. 
From centres A and B describe two of the circles touching at E. 
From centre C with radius C F describe the third circle. 
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PROBLEM 159 — To describe a circle with, a given radius touching 
two curved lines AB and € D. 

Let the given radius be 1 5 cms Find the centres E and F fioni 
winch the aics AB and CD are described (P? ob 67) Join E and F 
and produce each way to cut the arcs m G- and K. Set off G- H 
and K L each = 1*5 cms. From centre E with ladius E H descube 
an arc, and from centre F with radius F L intersect this arc m O 
From O with radius =15 cms describe the circle 

PROBLEM 160 — Describe a circle of 1*25" diameter touching each 
pair of adjacent lines oa , ob, oc, od, produced if necessary Describe 
two circles touching the three circles. 

Describe a circle touching each pair of lines, having a radius of 
§" by Problem 123. The only two circles that can touch the three 
are the circles touching them externally and internally 

From o draw a line passing through the centre of one of the 
circles. With centre o and radii oe, of describe the circles. 

Notes — 1 If the angles between each pair of adjacent lines are unequal, 
then find the centre for the touching circles by bisecting the lines joining the 
centres of the circles The point where the two bisecting lines meet will be the 
centre 

2 In working problems of a similar character to Problems 146-160, the 
following facts should be constantly borne m mind 

a t If two circles touch one another either internally or externally, the 
straight line, or the straight line produced, which joins their centres passes 
through the point of contact * (Euc hi 11 and 12 ) 

b 1 Equal straight lines m a circle are equally distant from the centre , and 
those which are equally distant from the centre are equal * (Euc in. 14 ) 

c ‘ If a straight line touch a circle, the straight line drawn from the centre 
to the point of contact is perpendicular to the line touching the circle * Also 
the converse of this 1 If a straight Ime touch a circle, and from the point of 
contact a straight line be drawn at right angles to the touchmg line, the centre 
of the circle shall be m that lme ’ (Euc in 18 and 19 ) 

3 There is a large variety of problems of this kind, and m cases of difficulty 
a sketch of the required figure should be made, assuming it to be completed 
Then by working backwards step by step, endeavour to find out what principles 
must be used to secure this result. 

PROBLEM 161. — The given figure is made up of circular arcs, all of 
f " radius. Draw it full size. 

First draw the equilateral triangle A B C of If" sides. With 
centres A, B, C and radius §" describe arcs intersecting at D, E, F, 
giving three of the centres. The points a , b, c are obtained m 
each case by describing two circles tangential to those already 
obtained. J om the points D, E, F, and produce the lines each way. 
Set off on each line f" as shown, and from the centres thus obtained 
describe arcs completing the figure. 

PROBLEM 162. — Draw the given geometrical pattern. 

Describe a circle of 3|" diameter. From the extremity of the 
diameter set off J" and describe the inner circle. Divide the cir- 
cumference into six equal parts, and draw the diameters. From a 
set off If" and describe one of the smaller circles. Set off the 
centres for the other two inner circles and describe them. From 
the same centres describe the remaining circles. Omit the parts 
where the lines are not continuous. 



CIRCLES TOUCHING LINES AND CIRCLES W 
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PROBLEM 163 — Draw the geometrical pattern shown, adhering 
strictly to the figured dimensions, and showing the construction lines. 

It will be seen that the figure is formed by six equal circles, each 
touching two other circles. But when six equal circles are inscribed 
in a circle, a seventh equal circle may always be inscribed touching 
the six circles internally. The problem then resolves itself into 
describing a circle of f" radius, placing six equal circles about it 
(. Prob 144), and omitting those portions of the circles which are not 
needed. Describe a circle of §" radius, divide its circumference 
into 12 equal parts. Find the centres for the circles, and com- 
plete as shown. 

TsTote — Problems 161-168 indicate a few of the numerous ways m which 
the preceding problems on circles may be applied 

PROBLEM 164. — To inscribe a semicircle m an isosceles triangle. 

Bisect the angle A 0 B by the lme C D. Bisect the angle C D B 
by the line D E 

Draw E F parallel to A B, and on it describe a semicircle. 

PROBLEM 165. — To inscribe three equal semicircles m an equilateral 
triangle having their diameters adjacent, and each touching one side of 
the triangle. 

Bisect each angle of the triangle by the lines AD, BE, 
and C F. 

Bisect the angle G F B by the line F G. From G draw G J, 
G H parallel to AB, B G. Join J and H. On the lines HG, G J, 
J H describe semicircles forming a trefoil of semicircular arcs. 

PROBLEM 166. — To inscribe four equal semicircles in a square, 
having their diameters adjacent, and each touching one side of the 
square. 

Draw the diagonals and diameters of the given square. Bisect 
one of the angles at A, and obtain the inner square. Describe a 
semicircle on each side of this square, formmg a quatrefoil of semi- 
circular arcs, 

PROBLEM 167. — To inscribe within any regular polygon as many 
semicircles as the figure has sides, each touching one side and having 
their diameters adjacent. 

Let ABODE be the given polygon, in this case a pentagon. 
Divide the polygon into equal isosceles triangles. Inscribe a semi- 
circle m each as before, forming a cinquefoil of semicircular arcs. 

M otes — 1 In Problems 165-173 notice that the foiled figures are made by 
semicircular arcs In Problems 174-177 they are formed by tangential arcs 
The problems relatmg to the inscription and circumscription of circles and 
foiled figures are exceedingly useful m geometrical design, as they furnish 
the leading lines for window tracery and ornamental forms of various kinds 

2 Problems 165-168 depend upon the same principles of construction as 
those used m Problem 164. 
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PROBLEM 168 — To inscribe any number of equal semicircles m a 
circle, having their diameters adjacent, and each touching the circum- 
ference 

Divide the circumference of the given circle into twice as many 
parts as there are semicircles required. (In this case four.) Draw 
the diameters. Draw a tangent at A and bisect the angle. Set off 
the distance OB on the alternate diameters, and draw the squaie. 
On each side of the square describe a semicircle. 

PROBLEM 169. — To inscribe a semicircle in a square. 

Draw the diagonals of the square, and on one of them AB 
describe a semicircle. From 0 the centre of the square draw 0 C 
at right angles to the side of the square. Draw C F, and from D 
where the line C F cuts the side of the square draw D E parallel to 
C O. Through E draw a line parallel to AB, and on it describe the 
required semicircle. 

PROBLEM 170. — To inscribe four equal semicircles in a square, 
having their diameters adjacent, and each touching two sides of the 
square 

Draw the diagonals and diameters of the given square, and 
inscribe a semicircle in one of the four squares thus obtamed by the 
preceding problem. Complete the inner square, and describe a 
semicircle on the other three sides. 

PROBLEM 171. — To inscribe a semicircle in a trapezion, or kite. 

Draw the diagonals of the given figure. On AB, the shorter 
diagonal, describe a semicircle. From 0 draw 0 0 perpendicular to 
the side of the trapezion Draw C F, and from D draw D E 
parallel to C O. Through E draw a line parallel to A B, and upon 
it describe the required semicircle. 

PROBLEM 172. — To inscribe three equal semicircles m an equilateral 
triangle, having their diameters adjacent, and each touching two sides 
of the triangle. 

Bisect each angle of the triangle by lines dividing the triangle 
mto three equal trapezions. Inscribe a semicircle m the trapezion 
A F B G by the preceding problem. Complete the mner equilateral 
triangle, and upon the other two sides describe semicircles. 

PROBLEM 173. — To inscribe in any regular polygon a number of 
equal semicircles, having their diameters adj'acent, and each touching 
two sides of the polygon. 

Let the given polygon be a regular hexagon. Draw the dia- 
meters and diagonals of the figure, cutting it into six equal trapezions, 
and inscribe a semicircle in each, as shown. 

Motes. — 1 Problems 170-173 depend upon the same principles of con- 
struction as those used m Problem 169 

2 Notice that in all cases the line joining the points C and F is drawn 
from C to the angle of the quadrilateral which is opposite to the semicircle 
described upon A B. 
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PROBLEM 174 — To describe a trefoil of tangential arcs, the radius 
of the arc being given. 

Construct an equilateral triangle having each of its sides double 
the given radius* From each angle with the given radius describe the 
arcs. 

PROBLEM 175. — To describe a quatrefoil of tangential arcs, the 
radius being given 

Construct a square having each of its sides double the given 
radius and describe the arcs as shown 

Note — The same principle may be employed m the construction of all 
foiled figures formed by tangential arcs. 

PROBLEM 176. — About any regular polygon, to construct a foiled 
figure of tangential arcs. 

Let the given polygon he a regular hexagon Bisect one side to 
obtain the radius, and proceed as in the preceding problems. 

Note — These problems are identical with the problems connected with 
the describing of a number of equal circles each touching two others For 
example, m Problem 140, if the centres of the cncles be joined, and the portions 
of the cncles enclosed by the square thus formed be removed, we have the 
figure of Problem 175 inscribed m an octagon. 

PROBLEM 177. — To draw the given geometrical pattern to the 
figured dimensions 

The inner arcs are identical with Prob. 176. Construct a 
hexagon having each side double the given radius (g"), and horn 
each angle describe the tangential arcs. From the same centres 
with a radius of §" describe the outer arcs. 


CHAPTER XII 

THE INSCRIPTION AND CIRCUMSCRIPTION OF RECTILINEAL 

FIGURES 

PROBLEM 178. — To inscribe or describe an equilateral triangle m 
or about a circle 

Draw a diameter A B, and find its centre. Set off AC, AD 
equal to the radius. Draw BC, BD, CD 

For the triangle about the circle find the points of the inscribed 
triangle, and through each draw a parallel to the opposite side. 

PROBLEM 179. — To inscribe or describe a square in or about a 
circle. 

Draw two diameters at right angles to each other, and join the 
ends. For the square about the circle, with centres A, B, C, D, 
and radius A O, describe arcs intersecting without the circle and 
jom the pomts ; or through the points A, B, C, D draw parallels to 
the diagonals. 
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PROBLEM 180. — To inscribe an equilateral triangle m a square. 

Draw the diagonal A B. On AB construct an equilateral 
triangle. From 0 draw C E, CD, parallel to the sides of the 
triangle. Join D and E. 

PROBLEM 181. — To inscribe an equilateral triangle in a pentagon. 

Find B, the middle point of one side, and join it with A, the 
opposite angle. On each side of AB construct an angle of 80° 
(Prob. 83), and join CD. 

Botes — i This method may be applied to the square by making an angle 
of 80° on each side of the diagonal 

2 The triangle may also be obtained, as m Problem 180, by describing an 
equilateral triangle on E F, and drawing parallels from A. 

PROBLEM 182. — To describe an equilateral triangle about a square. 

On one side AB of the given square describe an equilateral 
triangle ABE. Produce E A, E B to meet the side C D produced. 

PROBLEM 183. — About a given square to describe a triangle similar 
to a given triangle. 

Let ABCPbe the given square and E F G the given triangle. 
This problem depends upon exactly the same principle as the pre- 
ceding. On A B construct a triangle similar to the triangle EFG. 
Produce the sides to meet C D produced. 

PROBLEM 184. — About a given triangle to describe another triangle 
similar to a given triangle. 

On AB construct a triangle similar to the triangle DEE. 

Through C draw a hne parallel to A B, and produce G A, G B to 
meet it. 

PROBLEM 185. — Within a given triangle to inscribe another 
triangle similar to a given triangle. 

On A C, a side of the given triangle, construct a triangle similar 
to the triangle DEE Draw G B. From H draw H J and H K 
parallel to G C and G A Join J and K. Then H J K is the 
required triangle 

PROBLEM 186. — Within a given circle to inscribe a triangle 
similar to another triangle. 

At any point D in the circumference of the given circle draw a 
tangent. Make the angle E D F equal to the angle ABC, and 
the angle GDH equal to the angle B C A. Join FH. Then 
DFHis the required triangle, the angle at F being equal to the 
angle at C, and the angle at H to the angle at B (Euc. iv. 2.) 

PROBLEM 187. — Within a given circle to inscribe a quadrilateral 
figure similar to a given one. 

Bote — A quadrilateral figure can only be inscribed in a circle when the 
sum of the opposite angles equals two right angles 

Let the given quadrilateral have angles of 100°, 70°, 80°, and 110°, 
as shown. 

Through any point E draw a tangent F G. Make the angle 
HE G equal to the angle AD C, GE J equal to CAB, and FEK 
equal to C A D. Draw 
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PROBLEM 188. — About a given circle to describe a triangle similar 
to a given triangle. 

Produce the base A B of the given triangle. Find the centre 0 
of the given circle, draw any radius O G, and produce it. Construct 
the angle FOG equal to the exterior angle CBD, and the angle 
HOG equal to the exterior angle 0 A E. Produce O H, O F, and 
draw tangents as shown. (Euc iv. 8.) 

Mote— Angle F O G + angle F J G= angle C B I) + angle C B A=two 
right angles, because the angles at F and G are right angles 

PROBLEM 189. — In a given square to inscribe an isosceles triangle, 
the base being given. 

Draw the diagonals A 0 and B D of the given square, and on 
A 0 set off A F equal to the given base E Draw F G parallel to 
A B and G H parallel to A F. Draw D H and D G. 

Mote — GH=AF (Euc i 34) 

PROBLEM 190. — To describe a square about an isosceles triangle, 

Bisect the base B C of the given triangle by the line AD On 
B C describe a semicircle. Then A D will be a diagonal of the 
required square Draw D C and D B of indefinite length, and from 
A draw parallels to meet them. 

PROBLEM 191. — In a given hexagon to inscribe an isosceles triangle, 
the base being given. 

Draw the diagonal A B of the given hexagon. Draw C D, one 
of the diameters, at right angles to A B Set off D F equal to E 
Draw F G parallel to B D, and G H parallel to C D. Draw A G 
and A H. 

PROBLEM 192. — Within a given circle to inscribe an isosceles 
triangle, the base being given. 

Draw two diameters of the given circle, A B and C D, at right 
angles to each other. Make 0 F equal to half the given base E 
Draw F G parallel to A B, and G H parallel to C D. Draw A G 
and AH 

Mote — A similar method may be used for inscribing an isosceles triangle 
m a square, rhombus, or polygon. 

PROBLEM 193. — To inscribe a square m a triangle 

Draw 0 D perpendicular to A B. From C draw C E parallel to 
A B and equal to C D. Draw A E. From F draw F G parallel 
to A B, and F H parallel to C D. From G draw G J parallel to 
C D. Then G F H J is the required square. 

PROBLEM 194. — To inscribe a square in a trapezion. 

Draw the diagonals A B, CD. Draw C E parallel to A B, and 
equal to C D. Draw A E. From F drawF G parallel to AB, and 
F H parallel to C D. From G draw G J parallel to C D, and join 
J and H. 

PROBLEM 195. — To inscribe a square in a pentagon. 

If two sides of the pentagon he produced until they meet, a 
trapezion will be formed. The same construction as in Pro 6. 194 
will then apply. 
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PROBLEM 196. — To inscribe a square in a sector. 

Join B and C. Draw 0 D perpendicular to C B and equal to it 

Draw A D, and from E draw E G parallel to B 0, and E F 
parallel to G D. 

Draw G H and F H parallel to E F and E G. 

PROBLEM 197. — To inscribe a square m a segment 

Bisect the chord A B of the segment. Draw B D equal to A B 
and perpendicular to it. Draw D 0. From E draw E F parallel to 
B D and E G parallel to A B. Draw G H parallel to E F. 

PROBLEM 198 — Within a given square to inscribe another square, 
one angle to touch a side at a given point. 

Let A be the position of one angle. Draw the diagonals of the 
given square. 

With centre O and radius 0 A describe a circle Join the 
points A, B, C, and D. 

Note — If the length of the diagonal be given, proceed m a similar manner, 
taking half the given diagonal as radius. 

PROBLEM 199. — To inscribe a square in a rhombus. 

Draw the diagonals, and bisect the angles thus formed. 

Jom A, B, C, and D. 

PROBLEM 200. — To inscribe a square m a hexagon. 

Draw the diagonal AB, and bisect it at right angles by the 
diameter C D. 

Complete as in the preceding problem. 

3STote — To inscribe a square m an octagon, join the alternate corners 

PROBLEM 201. — To inscribe a rhombus in a parallelogram, having 
one of its angles at a given point. 

Let A he the given point. Draw the diagonals of the parallelo- 
gram. 

From A draw A B passing through the centre O of the 
parallelogram. 

Bisect A B by a line C D at right angles to it. Draw A C, 
C B, B D, and D A. 

PROBLEM 202. — To inscribe a regular hexagon in an equilateral 
triangle. 

Bisect each of the angles of the given triangle by the lines A E, 
B F, and C D. With centre O and radius O A describe a circle. 
Draw D E, E F, and F D. 

PROBLEM 203. — Within a given triangle to inscribe a rectangle, 
the length of one side being given. 

Let ABO be the given triangle and D the given side of the 
rectangle 

Set off A E equal to D. Draw E F parallel to A 0. 

From F draw F G parallel to A B. Draw F H and G J per- 
pendicular to A B. 
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PBOBLEM 204. — Within any given quadrilateral to inscribe a 
parallelogram, having given the position of one angle. 

Let E he the position of one angle. Draw the diagonals A C, 
B D. Draw E F parallel to A C, E H and F G parallel to BD 
Join G and H. EFGH will be the required parallelogram. 


PBOBLEM 205. — Within any given quadrilateral to inscribe a 
parallelogram, having given the length of one side 

Let E he the length of one side. Draw the diagonals AC,BD. 
On one of them set off A F equal to E. 

From F draw F H parallel to A B. Draw H G parallel to A C, 
H K and G J parallel to B D. Jom J K. 

[Notes — 1 G H=AF (Euc i 34) 

2 The same construction will apply for inscribing a rectangle m a square, 
rhombus, or trapezoid 


PBOBLEM 206 — Within a given triangle or any regular polygon 
to inscribe another similar figure, having its sides parallel to and 
equidistant from those of the given figure, the length of one side 
being given. 

Let A B C be the given triangle, and D the length of one of the 
sides of the required triangle. Bisect the angles and obtain the 
centre E. Set off A F equal to D Draw F G parallel to A E, 
G H parallel to A B, H J parallel to A C, and G J parallel to B C. 

BTote — The construction for the inscription of a hexagon within a hexagon 
is also shown, A being the length of one side of the inscribed figure. 


PBOBLEM 207. — About a given triangle or any regular polygon to 
describe another similar figure, having its sides parallel to and equi- 
distant from those of the given figure, the length of one side being 
given. 

Let A B C be the given triangle, and D the length of one of the 
sides of the required triangle. 

Find the centre as before, and produce the lines bisecting the 
angles. Produce A B, and from A set off A F equal to D Draw 
F G parallel to A E, G H parallel toAB.HJ parallel to A C, and 
G J parallel to B C. 

BTote — The construction for the description of a square about a square is 
also shown. 
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EXERCISES 
CHAPTER XI 

1. To describe a circle touching two lines and passing through a point be- 
tween them {Art ) ( Prob 125 ) 

2. Describe a circle of 3" diameter, and withm it insciibe six equal semi- 
circles (Art ) 

3 Describe two circles touching each other and having radii of 1" and f" 
respectively Draw a third circle having a radius of y' to touch the other two 
circles (Art) (Prob 152) 

4. Withm a given equilateral triangle of S" sides inscribe three equal semi- 
circles, having their diameters adjacent and each touching one side of the 
triangle. (Art ) 

5. Withm a given circle of l^" radius inscribe four equal circles (Art ) 

6. Withm a square of 2§" sides inscribe four equal semicircles each touch- 
ing two sides of the square (Art ) 

7. Withm a square of 2&" sides inscribe four equal circles, each touching 
two sides and two circles (Art ) 

8. Describe a circle of £" radius which shall touch a given circle and a 
given straight line (Art ) (Prob 148 ) 

9. Construct a quatrefoil of tangential arcs of 4" radius. (Art ) 

10 Describe a circle to enclose two other given circles (Art , 

LL Describe a triangle with sides of 3", 2", and 2b" respectively, ^nd withm 
it inscribe three circles each touchmg one side and two circles (Prob 132 ) 

12 Withm a given isosceles triangle inscribe two equal circles touchmg 
each other and two sides of the triangle (Art ) 

13 Two parallel lines AB,CD are 2" apart and 14" long Describe a 
circle to pass through points A and 33 and touch C D (Art ) 

14 Withm a given pentagon inscribe five tangential arcs each touchmg two 
sides of the pentagon (Art ) (Note, Prob 139 ) 

15 About a square of 1" sides describe four equal circles each touchmg a 
side of the square and two circles (Art ) (Prob 145 ) 

10 Describe a circle £" radius to pass through a point A and touch a given 
straight line (Art ) 

17 Construct a rhombus of 2f" sides and withm it mscnbe four equal 
circles each touchmg one side and two circles 

18 Describe a triangle about a circle of 1" diameter, having angles of 30° 
and 105° 

19. About a circle of radius place five equal circles each one touchmg 
two others and the given circle 

20. Draw two right lines meeting at an angle of 38°, Describe a circle 
of i" radius to touch these lmes (Sc ) 

21 Draw three equal circles of 75" radius, each touchmg the other two, 
(Sc , 1870 ) 

22. Two circles of 1" and*5" radius respectively have their centres 2 5" apart. 
Draw a circle of 1 5" radius to touch both, but to contain the smaller one 
(Sc) (Prob. 153 ) 

23. Draw three circles, each touching the other two, their radu being *5", 
75 f ', and T r , respectively. (Sc.) (Prob. 154 ) 

24:. Construct an equilateral triangle of 2$" sides On each side as diameter 
describe a circle. Circumscribe the three circles by a circle. (Sc ) 

25. Describe a circle of 24" radius touching two given circles of 1" and 
radius, and having their centres 2£ f apart (Sc.) 
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20 Inscribe a circle m a rhombus of 2" side and 2\ ,r diagonal. (Sc ) 

27 * Draw three circles of 1 ", 1 *25", and 1 5" diameter, each touching the 
other two externally. Draw a circle which shall be touched internally by the 
largest and smallest of these three circles (Sc.) (Prob 152 ) 

28. Draw two circles touching the same straight line at points 2 5" apart 
and touching one another, the radius of the smaller circles to he 1” (Sc ) 
(Prob 150) 

20 Construct a square of 4£ ,f side, and place m it four equal circles, each 
touching one side and two diagonals (Sc ) 

30 Draw two lines cutting each other at 57°, and describe four circles of 
2^" diameter, each touching both lines (Sc ) 

31. Describe a circle passing through two given points a and b and 
touching a given line cd. The line joining a b is not parallel to cd. (Sc ) 
(Pt o6 158) 

32 Describe a circle passing through a point p and touching a lme a b in 
a given point c. (Sc.) (Prob 121.) 


CHAPTER XII 

1. Draw a triangle and withm it inscribe a square 

2 Withm a square of 2" sides inscribe the largest possible isosceles tri- 
angle having its base V long (Art ) (Prob 189 ) 

3 Draw a trapezion with sides of 1" and 2" respectively, and withm it in- 
scribe a square (Art ) 

4 Withm a square of 2" sides inscribe the largest possible equilateral 
triangle (Art ) 

5. About a regular pentagon of 1" sides describe a similar figure, having its 
sides parallel and equidistant to those of the given figure, and m length. 
(Art) 

6. Withm an equilateral triangle of 8" sides inscribe a similar figure, base 

li" iArt) 

7. About a circle of 1£" diameter describe an equilateral triangle (Art ) 
8 Withm a circle of 1\" radius inscribe a triangle having angles of 30° 

and 60° (Art ) 

9. Construct a parallelogram, sides 2£" and If", included angle 50°, and 
withm it inscribe a rhombus having one angle touching one side of the paral- 
lelogram at a pomt from one of the comers (Art ) 

10. About an isosceles triangle describe a square. ( Prob 190 ) 

11 Withm a given circle of 3" diameter inscribe an isosceles tnangle havmg 
its equal sides 2£" long (Art ) 

12. Construct an isosceles triangle, the two equal sides to touch the circum- 
ference of a given circle at two given points A and B ; the angle made by 
the radii from A and B to be 100° 

13 Draw a tnangle two of whose angles are 50° and 65°, and the radius of 
the inscribed circle 1" (Sc ) 

14 Withm a square of 3" sides inscribe an octagon, so that the alternate 
sides of the octagon shall comcide with the sides of the square (Sc ) 

15 Construct a quadrilateral base 3", base angles 90° and 75°, sides 2" and 
2" Withm it mscnbe a parallelogram havmg a side of 2" 
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CHAPTER XIII 
AREAS 

Before beginning the problems on areas, the following prin- 
ciples should he thoroughly understood ; and it will be of consider- 
able service to the student to go through Euclid’s demonstrations 
of these principles — 

1 The area of a plane figure is the amount of surface enclosed 
by its boundary, or perimeter. It depends upon both the shape and 
the perimeter of the figure. 

2. Parallelograms upon the same base, and between the same 
parallels, are equal. (Euc I. 85 ) 

ABC I) - ABDE (Fig 1 ) FGHJ = FGKL. (Pig 2) 

8 Parallelograms upon equal bases, and between the same parallels, 
are equal. (Euc. i. 86.) 

MNOP = QR S T, because each of them is equal to MN S T 
(Fig. 8.) 

4. Triangles upon the same base, and between the same parallels, 
are equal. (Euc. i. 87.) 

ABC = ABB. (Fig. 4) 

5. Triangles upon equal bases, and between the same parallels, 
are equal (Euc. x. 88.) 

ABC -DEE. (Fig. 5) 

6. If a parallelogram and a triangle be upon the same base and 
between the same parallels, the parallelogram shall be double of 
the triangle. (Euc. x. 41 ) 

ABCD = twice ABC. (Eig 6.) EFGrH = twice E F J, (Fig 7 ) 

7. The square on the hypotenuse of a right-angled triangle is 
equal to the sum of the squares on the other two sides. (Euc i. 47.) 
The sq. C B B E = the sq. A B F G + the sq. A H J C. (Fig. 8.) 

Note — The same principle applies to other figures constructed upon the 
sides of a right-angled triangle as long as they are similar (Euc vi 81 ) 

8. The area of a triangle is equal to the area of a rectangle upon 
the same base, but having half the altitude 

Triangle ABC = rectangle ABEF. AE = |CD. (Fig. 9.) 

9. Parallelograms and triangles upon the same base have their 
areas m the same ratio as their altitudes 

ABEF- twice A B C D, because the altitude BE — twice the 
altitude B G. (Fig. 10.) 

ABD = three times ABC, because the altitude BE = three 
times the altitude C E. (Fig. 11 ) 

10. Parallelograms and triangles of the same altitude are to one 
another as their bases. (Euc vi 1 ) 

EBFG = f ABCD, because E B = § A B. (Fig. 12 ) 

DBE = J ABC, because BB = | A B. (Fig. 18 ) 

11. The areas of similar figures are proportional to the squares 
on their homologous, or corresponding, sides. (Euc. vi. 19, 20.) 

ABCBE:FGHJKasAB 2 :FG 2 . (Eig. 14.) 

12 The areas of circles are proportional to the squares on their 
diameters. 
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PEOBLEM 208. — To construct a triangle equal in area to any 
parallelogram. 

Set up twice the altitude of the given figure and join with the 
extremities of the base as shown in the first two figures, or double 
the base and keep the same altitude as in the third figure. The 
triangle ABC in each case is equal to the given parallelogram. 
The second figure shows the construction if an isosceles triangle be 
required. 

PEOBLEM 209 — To construct a parallelogram equal in area to a 
triangle 

Draw the altitude of the given triangle, and bisect it by the line 
DE parallel to AB. At A and B draw perpendiculars. Then 
ABBE is the rectangle equal to the given triangle. A B F G is 
a rhombus equal to ABC. 

PEOBLEM 210. — To construct a triangle equal in area to a given 
trapezium. 

Let ABCDbe the given trapezium. Draw the diagonal D B, 
and from C draw C E parallel to D B to meet A B produced m E. 
Draw D E. Then A D E is the required triangle. 

Note — D BE=DBC (Euc i 87). Add A B D to each. Then ADE = 
AB C D 

PEOBLEM 211. — To construct a triangle equal in area to an 
irregular pentagon. 

Draw D A, D B. From E draw E F parallel to D A and meet- 
ing A B produced m F. Draw DF. From C draw CG parallel 
to DB and meeting A B produced in G. Draw D G. Then F D G 
is the required triangle. 

PEOBLEM 212. — To construct a triangle equal to any irregular 
polygon. 

Let A B C D E F be the given polygon Draw E A. From F 
draw F G parallel to A E. Draw E G (The figure G B C D E = 
A B C D E F.) Draw D B, and from C draw C H parallel to D B. 
Join D and H. (GHDE = GBCDE.) Draw E H, and from D 
draw D J parallel to E H. Join E and J. Then GE J is the re- 
quired triangle. 

PROBLEM 213. — To construct an isosceles triangle equal to a 
trapezium, one side to be common to both figures. 

Let A B 0 D be the given trapezium and A B the side common 
to both figures. Draw A D, and from C draw C E parallel to AD 
and meeting BD produced. Join A and E. Then the triangle 
ABE is equal to the trapezium. To get an isosceles triangle 
equal to it, bisect the base by the perpendicular F G, and through 
E draw E G parallel to A B. Draw G A and G B. Then A B G 
is the required triangle. 

Note — In the case of a pentagon proceed m a similar manner, first con- 
verting the pentagon mto a trapezium on A B. 
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PEOBLEM 214 — To construct a tnangle equal m area to th© sum 
of two given triangles. 

Let ABC and D E F be the given triangles. Make the triangle 
C E F equal to the given triangle DEF, forming an irregular 
pentagon, A B E F C Draw A F, and from C draw C H parallel to 
A F, and meeting A B produced. Join F and H Draw F B, and 
from E draw E G parallel to FB. Join F and G. Then F G H is 
the required triangle. 

PEOBLEM 215. — To construct a triangle equal to any regular 
polygon. 

Let ABODE be a regular pentagon. Find the centre, and 
divide the polygon into five equal triangles. Make the base Gr H 
equal to five times the base A B. Draw FG,FH. Then FGHis 
the required triangle. 

Motes — 1 Another method is to proceed as m Problem 211 

2 Where the polygon has a larger number of sides, the altitude of the 
tnangle may be doubled, and the base made equal to half the perimeter of the 
given polygon. 

PEOBLEM 216. — To construct a triangle equal in area to a circle. 
(Approximate.) 

Draw A B, the diameter of the circle. Divide the radius A 0 
into 7 equal parts. Draw A D perpendicular to A B, and make it 
3^ times A 0. Draw B D. ABDis the reqmred triangle. 

PEOBLEM 217. — On a given base to draw a triangle equal m area 
to another given triangle. 

Let A B 0 be the given triangle, and D the given base. On A B 
or A B produced set off A E equal to D Draw C E, and from B 
draw BF parallel to C E. Join F and E. Then AFE is the 
required triangle. (BFC - FBE) 

PEOBLEM 218 — To construct a tnangle equal in area to a given 
triangle, having its vertex m a given point, and its base in the same 
straight lme as that of the given triangle. 

Let A B 0 be the given triangle, and D the given pomt. Draw 
A D From C draw C E parallel to A B, and jom B and E. Then 
the triangle ABE = the triangle ABC The Problem now 
resolves itself into the same as the previous Problem — that is, to 
construct a triangle on AD equal to the triangle ABE. Draw 
D B, and from E draw E F parallel to D B. Jom D and F. Then 
A D F is the required triangle. 

PEOBLEM 219. — To construct a tnangle of a given altitude equal 
in area to another given triangle. 

Let ABC he the given triangle, and D the given altitude 
Draw C E, the altitude of the given triangle, and on it mark off E F 
equal to D. Draw FA, and from C draw CG parallel to FA. 
Jom F and G. Draw F B, and from C draw C H parallel to F B. 
Jom F and EL Then GFHis the required triangle. 

Mote. — A F G==AFC, and B F H— B FC. 
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PROBLEM 220 — To construct a square equal in area to the sum 
of three squares. 

Let A, B, and C be the lengths of the sides of the given squares 

Draw E F equal to A, and ED at right angles to E F, and equal 
to B. Join F and D. 

Then the square on D F is equal to the sum of the squares on 
D E and E F. (Euc i 47.) Draw D G- at right angles to D F, and 
equal to 0. Join F and G. On GF describe a square. 

PEOBLEM 221 — To construct a square equal in area to the dif- 
ference between two given squares. 

Let A and B be the sides of the given squares. Draw two lines 
at right angles to each other. Make C D equal to B With C as 
centre and A as radius mark off E. On DE construct the 
square. 

If otes — 1 If the square on C E = the sum of the squares on C D and D E, 
then the square onDE must be equal to the difference of the squares on 
CEandCD 

2 The same principles may be applied to the circle, or any rectilineal 
figure. An equilateral triangle, polygon, &c , may be constructed equal in 
area to the sum or the difference of two similar figures 

PEOBLEM 222 . — To describe a circle equal m area to the sum of 
two given circles. 

Draw C D and D E perpendicular to each other, and equal to 
A and B, the diameters of the given circles. Draw C E, the dia- 
meter of the required circle. 

Ifote — To describe a circle equal m area to the difference between two 
circles, proceed as m Problem 221 C D will be the smaller diameter, C E the 
larger, and D E the diameter of the required circle 

PROBLEM 223. — To construct a triangle similar to a given tri- 
angle, hut having twice its area 

Let ABC be the given triangle. Draw A D perpendicular to 
AB, and equal to it. Make B E equal to B D. From E draw E F 
parallel to A C, and meetmg B C produced. Then E B F is the 
required triangle. 

UTote — The same principle may he applied to any other rectilineal figure 
A trapezium is shown similar to, and double the area of, a given trapezium 

PEOBLEM 224 — To construct a trapezium similar to a given trape- 
zium, having half its area. 

Let A B C D be the given trapezium Bisect A B, and describe 
a semicircle. Draw B H, and make B E equal to it. Draw B D, 
and from E draw EF parallel to AD, and from F draw FG 
parallel to D C. Then B E F G is the required figure. 

17 ote —The same principle applies to other rectilineal figures The triangle 
BEE is half the triangle BAD 

PEOBLEM 225. — To construct a square having twice the area of a 
given square. 

Draw the diagonal, and describe a square on it. 

PEOBLEM 226. — To construct a square having half the area of a 
given square 

On half the diagonal describe a square 
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PROBLEM 227 — To construct a square equal in area to any given 
parallelogram 

Let AB C D be the given parallelogram. Produce A B, and 
make B F equal to the altitude of the parallelogram Find B G, a 
mean proportional between AB and BF (Piob. 29) On BG 
describe the square. 

PROBLEM 228. — To construct a square equal in area to a triangle. 

Make a rectangle equal to the triangle. (. Prob 209 ) Fmd a 
mean proportional between the base and the height of the rectangle, 
and on it describe the square 

PROBLEM 229 — To construct a square equal in area to a 
trapezium. 

Draw the diagonal. On one side of it make a rectangle equal 
to the triangle ADO, and on the other side a rectangle equal to 
the triangle ABC. Proceed as m the preceding problem. 

PROBLEM 230. — To construct a square equal in area to any 
polygon. 

First obtain a triangle equal m area to the polygon, as shown m 
Problems 211 and 212 , then construct a rectangle equal m area to 
the triangle, and proceed as above. 

PROBLEM 231 — To construct a rectangle of a given perimeter, and 
equal in area to a given square. 

Let the perimeter equal 4£ inches, and the side of the given 
square 1 inch Divide half the perimeter into 2 parts, whose 
mean proportional shall equal 1 in., as follows — Draw AB, 2J inches 
long, and at B draw BO perpendicular to AB, and 1 inch long 
Describe a semicircle on A'B Through C draw C D parallel to 
A B, and from D draw D E parallel to 0 B. Then A E and E B 
will be two of the sides of the rectangle. Complete the figure as 
shown. 

PROBLEM 232. — To construct a rectangle equal in area to a square, 
and having its sides in a given ratio. 

Let the ratio of the sides be as 2 : 3. Produce the base of the 
given square. From A set off to any convenient unit AB and 
A C, equal to 2 and 3 units respectively. Find A D, the side of a 
square equal to the rectangle contained by A B and A C. From E 
draw E F and E G parallel to D 0 and D B A F and A G will 
be the sides of the rectangle. Complete the figure as shown 

PROBLEM 233 — To construct a rectangle equal in area to a square, 
having the difference between two adjacent sides given. 

Let AB be the difference between the two adjacent sides. 
Bisect ABmC. With centre 0 and radius C D describe a semi- 
circle. Then A F and A E will be the sides of the rectangle. 

PROBLEM 234. — On a given base to construct a rectangle equal in 
area to a given rectangle 

Let ABCD be the given rectangle, and E the given base 
Produce A B, and make A F equal to E. Join C and F, and from 
B draw B G parallel to C F. A G is the other side of the rectangle. 

Mote — A C A G as A F AB (Euc vi 2 ) But when quantities are m 
proportion the product of the extremes equals the product of the means (p 18) : 
therefore AC xAB= AG x A F. 
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PROBLEM 285. — To divide a triangle into any number of equal 
parts by lines drawn from one of its angles. 

Divide A B into the required number of equal parts (say 3) 
Draw C 1 and C 2. The three triangles thus formed are equal to 
each other. (Euc i. 38 ) 

PROBLEM 238 — To divide a parallelogram into any number of 
equal parts by lines drawn from one of its angles. 

Divide two adjacent sides into the same number of equal parts 
as the figure has to be divided into (say 3 ) Join D 1, 3) 1. 

PROBLEM 287 — To bisect a triangle by a line drawn from a point 
m one of the sides 

Let D be the given point Bisect A B m B, and draw O 3S 
Join D and E, and from C draw C F parallel toDE Join D and 
F. Then D F bisects the triangle 


PROBLEM 288 — To bisect a parallelogram by a line drawn from a 
point m one of the sides. 

Let E be the given point. Find the centre, and draw E F 
through it. Then EF bisects the parallelogram. 

TTote —This construction will apply for any position of the point 

PROBLEM 289. — To bisect a trapezium by a line drawn from, one 
of its angles. 

Let A BCD he the given trapezium. Draw the diagonals. 
Bisect ACinE Draw D E, E B, dividing the trapezium into two 
equal areas. Through E draw F G parallel to B D Join D and F. 
Then D F bisects the trapezium. 

Note.— The triangle D BF= the triangle D B E. 

PROBLEM 240. — To divide a triangle into any number of equal 
parts by lines drawn from a point in one of the sides. 

Let D be the given point. Divide the side C B, in which the 
given pomt is situated, mto as many equal parts as the triangle has 
to be^ divided into (say 3). Draw AD. From 1 and 2 draw 
IE, 2 F, parallel to A D. Draw DE, DF, dividing the triangle as 

Note —The triangle D E l=the triangle A E 1 


PROBLEM 241. To divide a parallelogram mto any number of equal 
parts by a line drawn from a pomt in one of the sides. 

Let E be the given point. Divide A B into the required number 
of equal parts (say 4) m 1, 2, 3. Draw 11, 2 2 parallel to AD 
and bisect them m F and G. Through F and G draw EH and 
E J Bisect the trapezium E J C B by the line E K (Frol, 239,) 
Then the lines EH, E J, EK divide the parallelogram into 4 
equal parts. ° 

r> the V° mt ? were placed so that E K would fall upon the side 

D C, then a line 3 8 might have been bisected, and E K drawn through the 
points of bisection, as in 1 1 and 2 2. ® 
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PROBLEM 242— To divide an irregular polygon mto any number of 
equal parts by lines drawn from one of the angles 

Let A B C D E be an irregular polygon , it is required to divide 
it into 3 equal parts by lines drawn from the angle at I) 

Construct the triangle DEG equal to the polygon (. Proh 211 ) 

Divide the base, EG, mto 3 equal parts Draw D1 It is 
evident that the triangle D 1 F is Jrd of the triangle DFG, and con- 
sequently -Jrd of the given polygon. As the point 2 does not fall upon 
the base A 33 of the polygon, draw 2 d parallel to the diagonal X) B. 
Draw D d The lines D 1 and D d divide the polygon as required. 

Hot e — The triangle DB2 = the triangle DB d (Eve i 37 ) 

PROBLEM 243. — To divide a triangle into any number of equal 
parts by lines drawn from a point within the triangle. 

Let D be the given point. Divide the base A B mto as many 
equal parts as required (say 3). Draw D 1, D 2, and D C. 
From C draw C E parallel to Dl, and C F parallel to ID 2. Draw 
D E and D E. The lmes D C, D E, and D F divide the triangle 
into 3 equal parts. 

Motes — 1 The triangle E 1 C — the triangle E D C If A E C be added to 
each, then A1C=AEDC But A 1 C is £rd of the triangle ABC Therefore 
AEDC will equal ^rd of the triangle ABC. 

2 If the line DP does not fall upon AB, then proceed as shown in 
Problem 243 a* Obtain D E as m the preceding problem Draw 2 F 
parallel to B C. Join D and B, and from F draw F G parallel to D B. Draw 
D G. Then DC, D E, and D G divide the tnangle mto 3 equal parts. 

Proof — The triangle B F C = the tnangle B 2 C (Euc i 37) Triangle 
FGD= triangle FGB Add to each the triangle CFG Then CFG 
+ F GD = CF G+F GB — that is, C D G=C F B ButCFB = C2B There- 
fore, CDG=C2B 

PROBLEM 244. — To bisect a tnangle by a line drawn parallel to 
one side. 

Bisect C B by the perpendicular E F, and describe a semicircle. 
With centre C and radius C F describe the arc F G From G draw 
the line G U parallel to A B. This line bisects the tnangle. 

Mote —C F, which equals C G, is a mean proportional between the side C B 
and its half, C E (Euc vi 8, Cor ) The triangle C G H triangle C B A as 
CG 2 C B 2 — that is, as C E CB, or as 1 2 

PROBLEM 245. — To bisect a tnangle by a line perpendicular to the 
base. 

Draw A D perpendicular to B C, and bisect BCmE. Find a 
mean proportional, C F, between the larger segment of the base C D, 
and the half C E. Make C G equal to C F, and draw G H perpen- 
dicular to the base. Then G H bisects the triangle. 

PROBLEM 246, — To divide a tnangle into any number of equal 
parts by lines drawn parallel to one of the sides. 

Let the triangle ABC be divided into 3 equal parts. 
Divide BC or BA into 3 equal parts. Describe a semicircle 
on B C, and erect perpendiculars at 1 and 2. Make B d equal to 
B D, and B e equal to B E Parallels drawn from d and e will 
divide the triangle as required. 

Mote. — B D is a mean proportional between B C and its third, Bl, and 
B ^ a ™ea n proportional between B C and two-thirds. B2 BdF BOA 
asB£ 2 B C 2 — that is, as B I B C, or as 1 3. 
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PROBLEM 247 — To divide a parallelogram into any number of equal 
parts by lines parallel to the diagonal. 

Let it be required to divide the parallelogram ABCD into 5 
equal parts by lines drawn parallel to the diagonal T> B Divide 
D 0 into 5 equal parts. Describe a semicircle on D C, erect 
perpendiculars at the alternate parts, 2 and 4, and proceed as in 
Problem 246. 

Note — Each of the triangles ABD and BBC is divided mto 5 equal 
parts By drawing the alternate lines only, the whole parallelogram is divided 
into 5 equal parts 

PROBLEM 248. — To divide a circle into any number of equal parts 
(say 3) by concentric circles. 

Divide the radius AO into 3 equal parts On it describe a 
semicircle, and erect perpendiculars at 1 and 2 OB and 0 O will 
be the radn of the required circles 

Note — 0 B is the mean proportional between the radius 0 A and its third 

01 

PROBLEM 249. — To divide a circle into any number of parts (say 
8) equal in area and perimeter 

Divide the diameter of the circle into twice as many parts as 
there are equal areas required. With centres 1, 2, 4, and 5 describe 
semicircles. 

PROBLEM 250 — To divide a triangle into 2 parts, having a given 
ratio to each other, by a straight line drawn through a given point in 
one of its sides. 

Let D be the given point, and the given ratio as 3 2. 

Divide CB into 3 + 2 equal parts. Join A 2, which divides the 
triangle into 2 parts in the ratio of 3 to 2 Draw D A, and from 
2 draw 2 E parallel to D A. Jom D E. Then D E divides the 
triangle as required. 

1ST ote —The triangle E 2 A = the triangle E2D Therefore, ECD=AC2 

PROBLEM 251. — To divide a parallelogram into 2 parts, having 
a given ratio to each other, by a straight line drawn from a given point 
m one of the sides. 

Let E be the given pomt, and the given ratio as 3 : 1. 

Divide AB into 4 equal parts From 1 draw a lme, IE, 
parallel to AD, cutting the parallelogram into 2 parts having the 
required ratio. Bisect 1 F, and from E draw a line through the 
point of bisection. This line divides the triangle as required. 

PROBLEM 252.—-To construct a square, the area being given. 

Let the required area be 2£ square inches. Construct a rect- 
angle, sides 1 mch and 2£ inches. This rectangle will contain 
2} square inches Find a mean proportional, B E, to the two sides. 
On B E construct the square 

ET otes —1 It is not necessary to construct the rectangle, but only to find 
the mean proportional between the dimensions of the two sides which would 
contain a rectangle of the given area 

2 The figure is drawn to a smaller scale. 
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CHAPTER XIV 
PLANE CURVES 


Some of the curves used m geometrical and mechanical drawings, 
such as the ellipse, parabola, and hyperbola , cycloids, the involute* 
•various spirals, &c , cannot be described by the ordinary dompasses* 
These curves are obtained by finding a number of points m the 
required line, and then tracing the curve through these po ants 
by hand, or with the help of French curves 

The ellipse, parabola, and hyperbola are known as conic sections, 
because they are formed when a right circular cone is intersected 

by a plane m various positions 

a , In dealing with conic sections it is 

preferable to consider the cone 
to be generated in the following 
manner Let A B and C 33 be 
two straight lines intersecting at 
V. If A B remain fixed and C X) 
revolve around it, always making 
a constant angle with A B, then 
t the surface of a right circular cone 
will be generated. 

A B is the axis, C D the gene- 
rator, and V the vertex of the 
cone. It will be seen that the 
cone thus formed consists of two 
symmetrical portions, one on each 
• - side of the vertex, 

„ ® , . The various positions of the 

cutting plane to form the conic sections are shown on the fioure. 

formed?s er tle cmcte? ne “ perpendlcular to the axis ’ a *d curve 

n ,?■ P* an j inclined, but still passes through opposite sides 
of the cone, and the curve formed is the ellipse P 

theW^A P B ne JLfTn h S: Xt niakes an ^ with 

1 4 L’£ 6 pIane is stlU fttrth er inclined so that the angle made bv 
it with the axis is less than the angle made by the generator The 

now e Iiffb «; “ ^sibola. & wlU be noticed that the plane 
hL two hShes 3 ° 0n6? and the hyperbola consequently 

cnr^^^mUe^tlM^aral)o^al^hyJ^bol^ < ^^ , operand* unhmrteJF* 6 « 

as bei^r S ^ Ctl ° n ° f fckese curves lt} 1S hetter to regard them 

to some hj a T P °A nt mo T n & on a P ]ane surface according 

to some fixed law. In the circle, for instance, the movin/nomt 

thl mrcle! eP3 ^ Sam ® dlstmce from ® fixed point, the cfntre of 



PLANE CURVES 


III 


THE ELLIPSE 

This curve is traced by a point moving so that the distance 
from a fixed point or focus is less than its distance from a fixed line 
called the directrix 

An ellipse has two foci ( Prob 253, F and/) and two directrices 
The line passing through the two foci is called the transverse 01 
major axis (A B, Prob 253) The line at right angles to the major 
axis, and bisecting it, is called the conjugate or minor axis (C X), 
Prob 253) Any line passing through the centre and terminated 
by the curve is a diameter. Any straight line perpendicular to the 
major axis, as E G is an ordinate , HGis called a double ordinate 
If any point m the curve be joined to the foci by two lines, these 
two lines are, together, equal to the major axis , for example 
FC + C/and F P + P/ are each of them equal to A B A tangent 
is a line touching the curve m one point A normal is a perpendiculai 
to a tangent at the point of contact 

PROBLEM 253 — To describe an ellipse, the major and minor axes 
being given First Method (by means of a piece of thread). 

Draw the axes A B and C D 
perpendicular to each other. 

From C with radius = \ A B 
find the foci F and / At the 
points F, /, and C stick three 
pins firmly and tie a piece of 
thread round them, as shown 
by the lines C F, F /, and / C. 

'Remove the pm at C, and re- 
place it with a well-pointed 
pencil If the point of the pencil 
be now moved round care- 
fully, keeping the thread tightly 
stretched, the curve traced will be an ellipse, because P F 4- P / 
= A B, wherever P may be. 

PROBLEM 254. — The same Second Method (by using a trammel) 

Set ont the axes as before 
On a slip of tracing paper rule 
a line, and mark off c a — A B, 
and cb = \ C h. If the paper 
be now placed so that a is on 
the minor and b on the major 
axis, then c will be a point on 
the curve. Prick, through c 
Move the trammel, still keep- 
ing a and b on the minor and 
major axes respectively, when 
c will give other points on the 
curve. Through these points draw the ellipse. 
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PROBLEM 255. — The same. Third Method (by intersecting arcs) 
Set out the axes as before and obtain the foci. From F mark 



Through the points draw the 


any number of points as 1, 2, 3, 
making the parts smaller as they 
near F From each focus with 
radius B 1 describe arcs at a, 
and with radius A 1 (remainder 
of AB) from each focus inter- 
sect these arcs, obtaining four 
points on the curve Repeat 
the process with ladn B 2 
and A 2, giving four more points 
as at b Continue with radii 
B 3 and A 3 for the points c 
Here again fa ~ A B 


PROBLEM 256. — The same. Fourth Method (by intersecting lines) 

Diaw the axes and con- 
E C struct the rectangle AOCE 

Divide A FJ and A O into the 
same number of equal parts 
(say four) Draw Cl, C2, 
C 3 From D draw D 1 to 
meet C 1, D 2 to meet C 2, 
D 3 to meet C 3 Through 
the points thus obtained diaw 
a quarter of the ellipse The 
figure may be completed either 
by repeating the same piocess 
for the other quarters, or by 
symmetry, thus —Draw parallels through a, 5, c, and set off s a' = s 
etc Repeat the process for the lower half as shown 



PROBLEM 257.— The same. Fifth Method. 



Place the axes as before, 
and describe a circle on each 
Divide one of the quadrants 
into any number of parts, and 
obtain corresponding points on 
the others by producing the radii. 
From the points 1 and 2 on the 
smaller circle draw parallels to 
A B, and from the points 1' 
and 2' on the larger circle draw 
parallels to C L to meet the 
lines drawn parallel to A B. 
Through the intersections of 
these parallels draw the curve 


Note. — All the problems on 
curves should be drawn to a much larger scale than shown. 
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PROBLEM 258 — To construct an ellipse, the two conjugate diameters 
A B and C D being given 

Draw paiallels to the diameters and obtain the parallelogram. 
Divide A E and A F into 

the same number of equal ^ 7 

parts (four), and draw lines / 

from C and D to each point / / 

Divide A O also into four / / 

equal parts From D draw / 

lines through each point on /K y \ w / ° 

A O to meet lines from C, /CDCY / / 

and from C draw lines / 

through the same points to / 

meet lines from D Draw 


the curve. The other half may be obtained m a similar manner, 
or by symmetry 

TsTote. — By this method an ellipse ma> be inscribed m any parallelogram, 
or about a triangle If C D, D A, and A C be joined, a triangle is formed 


PROBLEM 259 — The curve of a: 

Draw any two parallel chords 
A B and C D Bisect each 
chord* and through the points 
of bisection draw E F This 
line will he a diameter Bisect 
EF m O From centre O de- 
scribe a circle cutting the ellipse 
In G-, H, and L Parallels 
through O to the lines G- H and 
H L will give the axes. 


ellipse being given, to find its axes 



PROBLEM 260 — A portion of the curve of an ellipse being given, to 
complete it. 

Let C D X be the d 

given portion. 

Draw two chords, A B 
and C D , and bisect them 
m E and F. Through E C 
and F draw a line If 
this line be terminated by 
the curve of the ellipse at A 
each end, obtain the axes 
as m Problem 259. Find 
the foci, and complete the 
ellipse by obtaining points 
m the curve as already shown If the line be not terminated; then 
draw two other parallel chords, and bisect them as m the first pair 
The line drawn through the points of bisection will intersect the 
line drawn through E and F in O, the centre of the ellipse Make 
O H equal to O GK and obtam the axes and points m the curve as 
before. 

1 
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PBOBIEM 261. — To draw a tangent and a normal to an ellipse from 


given points in the curve. 



normal or perpendicular 


1 The tangent. Find the axes 
and foci ( Prob 259) Join the 
foci with 13, the given point, and 
produce / 33 Bisect the angle 
F E G* The line E I is the 
required tangent. 

2 For the normal at E draw 
a perpendicular to the tangent 
If another point, K, be given, then 
join the foci withK and produce 
both lines Bisect the angle thus 
formed KL is the required 


PBOBLEM 262, — To draw a tangent to «& ellipse from a point 
without the curve. 



LetPbethegivenpomt 
Find the axes and foci of 
the ellipse (Prob 259). 
With centre P and radius 
P/ describe a circle With 
centre F and radius equal 
to the major axis A B 
intersect the first circle in 
E and Gk Draw F E and 
F G cutting the ellipse m 
H and K. Lines drawn 
from P through H and K 


THE PABABOLA 

This curve is traced when a point moves so that its distance 
from the focus (F, Prob, 263) always equals its distance from the 
fixed line called the directrix (D D s Prob. 263), Thus F a = a O 0 

Pc = CQ, &Cr 

The path of a projectile forms a parabolic curve. The curve is also largely 
used in graphic methods for determining the stress upon beams, girders, &c. 

The axis, A B, is a line drawn through the focus, perpendicular 
to the directrix, and consequently divides the curve into two 
symmetrical parts The point where the curve meets the axis is 
called the vertex (V, Prob 263) A perpendicular from any point 
on the curve to the axis is an ordinate, as a 1, c 2, &c a a\ b V, &c , 
are double ordinates The double ordinate b b' t through the focus 
is called the latus rectum The part of the axis between the ordinate 
of a point and the vertex of the curve is called the abscissa ; thus 
2 V is the abscissa of the point c. 
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PROBLEM 268 — To draw a parabola, the focus and directrix being 
given 

Let F be the focus, and I) D the ^ 

directrix Through F draw the d 
axis A B perpendicular to D D. 

Bisect FA m V Then V is a q 

point on the curve, because it is ^ 

equally distant from the focus and ! 

directrix Take any points, 1 9 F, 0 paZ 

2, 3, 4, &c ? and through them / 

draw perpendiculars to the axis / \ / 

(ordinates). From centre F with I \/ 

radius A 1 cut the ordinate through A wT~7T— rl — ol rl Jh 8 

1 m a, a' With radius A F and 
centre F cut the ordmate m b, V H 
With radius A 2 and centre F 
obtain the points e, c' Any number 
of points may be obtained similarly 
Through the points draw the curve. 

PROBLEM 264. — To draw a tangent E — 
and a normal from a point in the curve. 

In Problem 263 let P be the ° 
point Join P with the focus F. 

Draw P E parallel to A B Bisect the angle EPF Then G- H 
is the required tangent 

For the normal draw P J perpendicular to the tangent 

Note —In a parabolic arch, the joints of the stones are obtained by draw- 
ing normals to the curve. 

PROBLEM 265. — To draw a. parabola, when the axis and an ordinate 
ore given 

Let A B be the axis and B C E i 
the ordinate Make BD-BC. I 
The problem is now to draw a 
parabola through the points C, A, z 
and D Construct the rectangle 
CEFD. Divide A E and E C 

each into the same number of * - 

equal parts (say 4) Set off these u 

parts on A F and F D Draw 1 A, 2 A, 3 A From points 1, 2, 
3 m line EF draw parallels to AB, f 

meeting the other lmes as shown 
Through the points of intersection draw 
the curve 

PROBLEM 266. — To inscribe a parabola 
m any parallelogram. 

Proceed as m the previous problem. 

The figure shows a parabola inscribed 
in a rhomboid 

Note — The curve may be extended by 
continuing the divisions on lines BD and 
FD. I 






ei6 

PROBLEM 

tangents. 
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2&H . — To draw a parabola by means of intersecting 



Given the height, A B, and 
a double oidmate, C X) Pro- 
duce B A and make AE = 
AB Join E with C and D. 
Divide E C and E D into any 
number of equal parts (say 
4 or 6). Draw 11,22,33 These 
lines are tangents to the para- 
bola, which touches them mid- 
way between the points of 
intersection. 

PROBLEM 268.— To draw a 
pair of tangents to a parabola 
from a point outside the curve, the focus and directrix bemg given 

Let P be the given point Draw the 
axis A B. With centre P and radius 
P P describe a circle cutting the 
directrix D D in 1 and 2 Prom these 
points draw 1 3 and 2 4 parallel to 
A B Prom P through 3 and 4 draw 
the tangents 

THE HYPERBOLA 
This curve is traced when a point 
moves so that its distance from the focus 
is always greater, m a constant ratio, 
than its distance from the directrix. 

'I he variation in pressure and volume of 
steam, when it expands m the cylinder of an 
engine, and the relative changes m pressure and 
volume of a gas when the temperature remains 
constant, may be graphically represented by 
this cur\ e 

PROBLEM 269 — To describe the hyperbola, the major axis and th© 
foci bemg given. 

The hyberbola, like the ellipse, has two foci. The major axis is the 
distance between the two branches of the curve. 

Let A B be the major axis, 
and F, f the foci In A B 
produced and beyond F take 
any number of points, 1, 2, 3, 
&c From the foci F, f, with 
radius A 1, describe four arcs 
at a, c, and d , and from the 
same centres, with radius B 1, 
intersect these arcs With 
radius A 2 and the same 
centres describe arcs at e, f, </, 
and A, and intersect them with 
radius B 2. Proceed similarly with radii A 3 and B 3. 

Note— Compare this construction with that of the ellipse m Prob. 265. 
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PROBLEM 270— To describe the curve of a hyperbola, the focus, 
directrix, and vertex being given. Also at a point m the curve to draw 
a tangent and a normal. 


Let F be the focus, D D the directrix, and V the vertex Jon 
F V, and produce both ways Draw 
V v perpendicular to A B and equal 
to VP Draw C v and produce Take c\ 

any points, l, 2, F, 3, 4, &c , on A B, 0 \p/ 

and through them draw perpendiculars - - V ' 

on each side, meeting C v in 1', 2 a \ 

3', 4', &c From centre F with radius \ ' 

1 1 ' cut the double ordinate through ' //^ ! 

1 in a , tt! With radius 2 2 ' and centre t /f, " "i 

F obtain points V Proceed m a / / 

similar manner for the other points / / j 

Through the points thus obtained E --- L ., _ f 

draw the curve. B c\v~/ 2 ,F 3 * a 

For the tangent, join F with the \\ / 

given point P Draw F E perpen- xW 

dicular to P F, meeting the directrix 
m E Then E P will be the required 1 \ b 

tangent 

For the normal, draw P G- perpen- , X 

dicular to the tangent D " \ 

For the other branch of the curve 
make the angle EP/=EPFTo 

obtain the other focus draw P / until 4 

it meets A B produced Set off dis- 
tances equal to F V and F C, and proceed as for the first branch. 


PROBLEM 271 — To draw a rectangular hyperbola, the axes A B and 
A C and the vertex of the curve, E, 

being given. > 

Complete the rectangle 
ABDC. In E D take any 
number of points, as 1, 2, 3 
From E, 1, 2, 3 draw perpen- 
diculars to A B Draw A 1, 

A 2, A 3, and A D, cutting 
E F m T, 2', 3', 4/ From 
each of these points draw 
parallels to A B to meet 1 1, 

2 2, 3 and D B, giving a, b , 

c, d points on the curve. Through these points draw the curve. 

Note. — The rectangular hyperbola is a very useful curve, and is of 
importance m connection with indicator diagrams. The products of the 
perpendicular distances from any points on the curve to the axes are equal. 
Thus CExEF = a'aXal = &'5x&2) &c. 
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CYCLOIDAL CUBYEB 

When a circle rolls along a straight line, and always remains m 
the same plane., a point on the circumference describes the curve 
known as the cycloid. 

If the circle rolls along the outside of another circle, both circles 
keeping in the same plane, the curve traced by a point is the 
epicycloid. If the circle rolls along the inside of a circle, both 
circles keeping m the same plane, the curve traced by a point is 
the hypocycloid The moving circle is the generating circle, the line 
upon which it rolls is the director or base, and the point tracing the 
curve is the generator. 


PROBLEM 272 — To draw a cycloid, the generating circle and the 
director being given. Also to draw a tangent and a normal from a 
point in the curve 

From B, the point where the generating circle touches the 
director A B, draw the diameter D P„ Through C, the centre of 
the circle, draw a line, C 6, parallel to A B , this line will be the 
path of the centre of the circle while rolling. Make DA = half 
the circumference of the circle by setting off 3$ times the radius 
C B While the circle rolls from B to A, point P will trace half 
the cycloid. From A draw a perpendicular A 6 Bivide both the 
semi-circumference and C 6 into the same number of equal parts 
(say 6). Through 1', 2', 4', 5' draw parallels to AB From centre 

1, with radius C P, cut the parallel from V m E, and from centres 

2, 3, 4, <$rc., with the same radius, cut the parallels from 2', 3', 
&c , in points F, G-, H, and J*. Through these points draw the 
semi-cycloid. It is evident that, as the centre of the circle has 
moved from C to 1, 2, &c , the point P will have fallen to the 
level of the parallels through 1', 2', &c To obtain the other half, 
produce the parallels 1/ E, &c , and set off equal distances to the 
right of B P 

To draw a tangent at M Draw It m parallel to A B. Join m 
with P and B The tangent will be parallel to P m. 

The normal will be parallel to B m 

If the generator be not m the circumference of the circle, thtj 
curve is called a trochoid, and is obtained in a similar manner. 



PLANE CURVES 



PROBLEM! 273 —To draw a trochoid, the director, generating circle, 
and generator being given. 

1 When the generator P is within the given circle. Draw the 
diameter of the generating circle, and set off the semi-circumference 
as in the previous problem Describe a circle passing through P 
Divide this circle and C 6 into the same number of equal parts 
Describe arcs with radius C P from points 1, 2, 3, &c*, m the line 
O 6 to meet parallels from 1, 2, 3, &c , m the circle. Through the 
points thus obtained draw the curve. This is called the inferior 
trochoid. 

2. When the generator P' is without the circle. Proceed as 
before. Divide the circle described through P* and C 6 into the 
same number of equal parts. Describe arcs from 1,2,3, &c , to 
meet parallels from T, 2', 3', &c , in the circle. Through e, /, 

&c , draw half the curve This is called the superior trochoid, and 
forms a loop as shown, the points of which may be obtained by 
continuing the centres along C 6' 
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PROBLEM 274. — To draw the ©picyloid, the director and the gene- 
rating circle hemg given 

Let the arc AB be the director, and P 3' D the generating 
circle Jom O, the centre of the director, with D, the point where 
the generating circle touches the director, and produce to P Then 
D P will be the diameter of the generating circle Cut off the arc 
D A = the semi-circumference of the generating cirle P3' D This 
is best done as follows — The angle D O A bears the same ratio to 
180° that the radius of the generating circle does to the radius of 
the director Hence the following proportion for all cases As 
OD : DC :: 180° :DOA Thus if O D = 3 and D C = 1, the 
angle D O A = - L §^ 0 = 60°. Draw O A, making 60° with D O, and 
produce From centre O describe an arc through C. This will 
evidently be the path of the centre of the circle when rolling, and 
6 will be the position of the centre when P, the generating point, 
has reached A Divide C 6 into any number of equal parts (say 6), 
and divide the semicircle P D into the same number of equal parts, 
1', 2', 3', &c From centre O describe arcs from 1', 2', 3 , &c. 
From centre 1, with radius C D, cut the arc from 1/ m E From 
centre 2, with the same radius, cut the arc from 2' m P. In the 
same manner cut the arcs from 3', 4', &c Through the points thus 
obtained draw the curve from P to A The other half can be 
obtained similarly. 


PROBLEM 275. — To draw the hypocycloid, the director and the 
generating circle "being given. 

Let AB be the director, as m the last figure, and Djo the 
generatmg circle Proceed exactly as m the previous problem. 
Number the points I ", 2", &c., from p From 1, 2, 3, &c , m c 6 
cut the arcs from 1", 2", &c Draw the half-curve A p through the 
points e, /, g, h, j The other side can be similarly obtained. 


PROBLEM 276 — To draw the involute of a given circle. Also to 
draw a tangent to the curve at any given point. 

If a perfectly flexible thread be unwound from a circle and kept 
constantly stretched, the extremity of the thread describes a curve 
known as the involute of the circle 

Let A P be the circle, and P the generatmg point. Draw the 
diameter A P. At A draw the tangent A B Make A B = the 
semi-circumference of the circle. (Radius x 3 1416, taken from a 
scale ) Divide A B and the semi-circumference into the same 
number of equal parts (say 6) Draw tangents to the circle at 
pomts 1, 2, 3, 4, 5, 6, &c Make 1C = A1,2D = A2, 3 E = 3 
parts, &c To obtain pomts beyond B, proceed m the same manner , 
7 H = 7 divisions, 9K = 9 divisions. Through the pomts C, D, 
E, E, &c , draw the curve. 



To draw a tangent at T. Draw a line from T tangential to tlie 
circle. This line is the normal , the tangent is perpendicular to it. 

Note —The involute of the circle, and the cycloid, epicycloid, and hypo- 
cycloid, are employed in shaping the teeth of wheels. 
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SPIRALS 

The spiral is a curve which gradually recedes from, or approaches 
to, a fixed point or centre called its pole, by some definite law. Thus 
m the Archimedean spiral the radii increase in succession from the 
pole by equal distances , m the Logarithmic spiral the lengths of the 
radii are m geometrical progression 

A line drawn from the pole to any point of the curve Is a radius. 
The curve may consist of any number of turns or convolutions. 

PROBLEM 277. — To construct an Archimedean spiral, the longest 
radius and the number of convolutions being given. 

Let O A be the longest radius, the number of convolutions being 
two. Describe a circle with radius O A. Divide O A into as many 
equal parts as convolutions required — m this case two Divide the 
circle into any number of equal parts (say 8), and draw the radii 

0 B, O C, &c Divide A a mto the same number of equal parts (8) 
Make Ob = 07, Oc = 06, &c , each radius of the spiral diminishing 
by one part Draw the first convolution through the points 6, c, c£, 
&c. The second turn, being parallel to the first, is most easily 
obtained by setting off the distance A a from each of the points 
6 , c, d , &c. 

Note.-— The spiral is of great service m designing cams — contrivances much 
used in machinery involving complicated and irregular movements. 

PROBLEM 278 — To construct a Logarithmic spiral, the greatest 
radius, the angle between consecutive radii, and the ratio of succeeding 
radii, being given. 

The greatest radius is O A, the angle between the consecutive 
radii is 30°, and the ratio of one radius to that which follows it is J. 
Describe a circle with radius O A, and set off the radii at angles of 
30°. For the lengths of successive radii construct a supplementary 
figure. Draw O a and O b at any angle. Make O a — O A Set 
off O b equal to f of O and join a b. Make 01 = 06, and from 

1 draw 1 2' parallel to a b, then O 2 = | of O 1 In the same manner 
O 3 = | of 0 2, &c. Set off successively O 1', O 2', &c , on the 
radii = 01,0 2, &c Through these points draw the curve 

This spiral cuts all the radii at the same angle ; henco it is also 
known as the Equiangular spiral The angle A 1' O = the angle 
T 2! O. This gives a ready way of constructing the spiral as shown 
on the left of the figure Let the angle at which the curve meets the 
radn be 90°. From A draw A b making 90° with radius O 6 From 
b draw b c making 90° with O c, &c. Through the points b , c, d, &c , 
draw the curve. 

Note —This spiral may also be used to determine graphically the powers 
and roots of numbers. 
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PROBLEM 279. — To draw the Ionic volute, the cathetus, or greatest 
radius, being given. 

This forms part of the capital of the Ionic column. There are various 
methods of obtaining the curve, of which that known as Goldmann's method 
is perhaps the most satisfactory. The greatest radius, AB, is called the 
cathetus. The circle 33 O is the eye of the volute. The portion between 
the inner and outer curves, 33 E, is the fillet. The proportions of these parts 
are as follows AB = 9, CD = 2, BE = 1. 

For Examination purposes only draw the outer curve, unless the inner curve 
also is asked for Always draw the problem to a large scale. 

Divide the cathetus AB into nine equal parts With centre A 
and radius equal to one of the parts describe the eye CD. Bisect 
A C and A D m 1 and 4, and obtain the square 12 34 (A larger 
drawing is given above ) Draw A 2 and A 3, and trisect them 
(Use dividers ) From the points of trisection, 6 , 7, 10, 11 , draw 
lines obtaining the smaller squares, 5 6 78 and 9 10 11 12. With 
centre 1 and radius IB describe the first quadrant, to meet 12 
produced m F With centre 2 and radius 2 F describe the second 
quadrant. Proceed similarly for the other quadrants, taking the 
centres successively as numbered The last arc should finish at C, 
and be described from centre 12 

To obtain the inner curve, draw cb = C B, and perpendicular 
51 = A 1. Join 1 and c. Make be = BE, and draw perpendicular 
e/1 On each side of A set off e/, and obtain the dotted square. 
Trisect as before for the smaller squares The corners of the dotted 
squares will be the centre for the inner curve 

Notes —1. If the height of the volute be given, divide it into 8 equal 
parts, and on the fourth part from the bottom describe the eye. 

2. The greatest possible care must be taken in the construction of the 
squares for the centres, as the slightest error will prevent the volute from 
ending properly. 

PROBLEM 280. — To draw a spiral scroll by means of semicircular 
arcs. 

Let the spiral be described upon A B, and consist of three con- 
volutions. Divide A B into six equal parts Bisect 3 4 m O With 
centre O and radius O 3 describe a semicircle With centre 3 and 
radius 3 4 describe another semicircle With alternate centres, O 
and 3, describe the remaining semicircles 


PROBLEM 281. — To describe a continuous curve of tangential arcs 
passing through a number of given points. 

Let A, B, C, D be the given points Join the points, and bisect 
the lines by perpendiculars at E, F, and G- Take any convenient 
point, 1, m E 1, and describe an arc on CD From 1, through C, 
draw 1 2, meeting the perpendicular from F With centre 2 and 
radius 2 C describe the arc upon C B Draw 2 B to meet the 
perpendicular from G- With centre 3 describe the remaining arc. 
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EXERCISES 
CHAPTER XIU 

1 Construct a square equal in area to a rectangle 2* by 1|". 

2 Draw a semicircle 8" m diameter, and divide it into 8 equal parts by 
means of concentric semicircles 

3. Construct a square equal m area to the sum of three squares of 1", 1 5", 
and 2 25” respectively (Sc ) 

4 Construct a square of 2$" sides, and through one comer draw a line 
cutting off of its area (Sc.) (Piob 236 ) 

5. "Draw a triangle, sides 1$", 2", and 1-j" respectively On a base of If" 
construct an isosceles triangle of equal area (Sc) (Piob 217) 

6. Draw any irregulai hexagon having one re-entering angle, and construct 
a similar figure whose sides are to those of the given figure as 7 3. (Sc ) 

Divide one side into 3 equal parts, and on 7 of these parts construct the 
similar figure 

7. In a square of 3" sides inscribe another square having | the area of the 
given square. The corners of the required square must lie in the sides of the 
given one (Sc ) 

Note — A mean proportional between the side of the given square and | of the side 
will be the side of the required square From this side obtain the diagonal, and from the 
centre of the given square, with half the diagonal as radius, describe a circle The points 
where the circle cuts the sides will be the corners of the required square 

8. Construct a parallelogram having sides 4" and 1 2", and the included angle 
50°. Determine a rhombus of equal aiea, and having the same included angle. 

iq* 0 t,e —The side of the rhombus will equal the mean proportional between the two 
sides of the parallelogram 

9. Reduce the given figure (Fig. 1) to a square of equal area. (Sc.) 

Note —Divide the figure into 2 equal parts 

Obtain a rectangle equal to 1 part, double it, and 
get a square equal to the rectangle 

10. Divide an equilateral triangle of 2b' 
sides into 4 equal parts by perpendiculars to 
one side. 

Note — Bisect the triangle, and apply Problem 
244 to each half 

11 Draw an irregular pentagon, and 
bisect it by a line drawn from one angle 

Note —First convert the pentagon 'into a 
triangle 

12 The side of a rhombus is 3” long, 
and one angle is 75° Construct the figure, 
and divide it into 3 equal parts by lines 
drawn from one angle (Prob 236 ) 

. 18 Construct an equilateral triangle of 1|" sides, and a rectangle of equal 
height and area 

14. Construct a square equal m area to an equilateral triangle of 1 " sides 

15 Divide a triangle whose sides are 2^”, 3", and 4 ,f respectively, into 3 
equal parts, by a line drawn from the middle of the longest side. 

16. Construct a triangle, base 3", and base angles 45° and 75° On the 
same base construct an isosceles triangle equal to it m area. 

17. Draw a rectangle equal in area to a square of 1 75" side, making the 
shorter side 1*25” long. (Sc ) 

18. Having given a circle of 1 " radius, draw another £ of its area. (Sc.) 

19. On a line, A B, 2" long, as base, construct a triangle, ACB, whose 
altitude is 2 and angle ABC 105°. On A B as base describe a second 
triangle, ABB, equal to the triangle ACB, and having the side B D 
parallel to A C 

20. Draw a quadrilateral figure A B C D, with the following dimensions — 
AB — 2”, B C = 1*5”, AD = 1 5". The diagonal BD = 2" the diagonal 
A C = 2 5” Find the length of the side of a square equal m area to the 
quadrilateral. 
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CHAPTER XIV 


1 Construct a semi-ellipse, maj or axis 3", and half the minor axis 1". (Art,) 

2 Fmd the centre, axes, and foci of a given ellipse. ( Art ) (Draw the 
ellipse by means of thi ead and pms,) 

3 Describe an ellipse by means of intersecting arcs Axes 3£ ,r and 2" (Art ) 

4 Construct a rhombus, side 2\'\ diagonal 4£". In this rhombus inscribe 
an ellipse. (Sc ) (Prod. 258 ) 

5 Describe an ellipse, the longer diameter of which is half as long again 
as the shorter, and at any point on the curve draw a normal to it 

0 Draw a spiral curve composed of five semicircles, whose diameters are, 
successively, 1, H, 2, 2b, and 3 inches 

7 Draw an undulating, continuous curve of six arcs of circles, each con- 
taining 90°, and described with a radius of 1 ,? . 

0 The major axis of an ellipse is 3" long, and the foci l n from the centre : 
describe the curve, and show how to draw a tangent to it 

© Construct a triangle, sides 3§", 2", and 21", and about it describe an 
ellipse (Prob. 258.) 

10 Construct an ellipse having its conjugate diameters each 3h u and inter- 
secting at 70° 

11 Draw a half-ellipse with axes 4" and 2 5" Draw a sufficient number 
of normals to the curve, and produce them externally Through points on 
these, 0 5 ,f , from the curve, draw a second curve parallel to the first, 

12 Draw a parabolic arch, height 2& r , width 5". 

13 A point moves on a plane surface so that every point of its path is 
equidistant from a fixed line and a fixed point. Draw the curve 

14. The major axis of a hyperbola is 2 fr , and its focus is from one ex- 
tremity of the major axis. Draw the curve, and show how to obtain a tangent 
from a point m the curve 

15* The focus, directrix, and vertex of a hyperbola are given Draw the 
curve 

10 The radius of a circle is 1" Draw the cycloidal curve traced by a 
point on the circumference during one revolution. 

17 A circle of 1" radius rolls round a circle of 
3" radius. Draw the epicycloid traced by a point 
on the generating circle. 

18 Draw the involute of a circle of 1 75" dia- 
meter The curve to be shown from its starting- 
point on the circumference of the circle till it cuts 
the produced diameter at that po mt. (Sc.) 

19. The line a b (Fig. 2) represents a piece of 
thread unwound from the given circle Draw the 
curve traced by the extremity a when the thread is 
wound back on to the circle. (Prob. 276.) 

20 Construct an Archimedean spiral of three 
convolutions, longest radius 3" 

21 Draw the spiral which would cut all its radii 
at an angle of 90°. 

22 Draw the outer curve of Goldmann’s volute, 
the cathetus being 4". 

23. The focus of a parabola is §" from the direc- 
trix Describe the curve making the axis 2£" 

24. Draw a line A B, 1" m length. At A draw a line A X), f" long, 
making an angle of 120°, and at B draw a line B C, long, making an angle 
of 100° Show how to describe a continuous curve of tangential arcs passing 
through the points DABC. 
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CHAPTER XV 

SOLID GEOMETRY 

PLANS. ELEVATIONS, AND SECTIONS OF SOLIDS IN SIMPLE 
POSITIONS 

Plane Geometry deals with the construction of figures having two 
dimensions only, length and breadth , and which can he represented 
on one surface or plane , but m the case of solids, all the faces do 
not lie m one plane, and the use of a third dimension, thiclnebs or 
height, is necessary. To represent these three dimensions, at least 
two drawings are required one, called the plan, to show the length 
and breadth, and the other, called the elevation, to show the thick- 
ness or height This representation of three dimensions is known 
as Solid or Descriptive Geometry 

To illustrate this, take a sheet of cardboard and divide it into 
foui parts, as shown m Fig 1 Cut out the shaded portion, and cut 
half through the dotted lines Place A C on a table and turn up B 
at right angles, placing it against a wall or any upright surface 
There are now two planes A C the horizontal, and B the vertical 
The line represented by the crease where these two planes intei sect, 
or cut each other, is called the intersecting or ground-line, and is 
usually denoted by the letters X Y 

Place a small box or other simple object on the horizontal plane 
A C (Fig. 2), and trace its plan abed . Now look horizontally for- 
wards, bringing the eye level with each point of the object m turn, 
and trace the elevation a ' b'f e' on the vertical plane B If we now 
lemove the box and turn B back into the horizontal plane, we shall 
have two drawings on one surface, as m Fig 3 the plan abed below, 
and the elevation a! b'f e' above the line X V 

But it is obvious that these two drawings do not give sufficient 
information, as they might also represent the plan and elevation of 
a cylinder ; hence a third drawing is sometimes necessary showing 
the shape of the end Replace the cardboard planes and the box 
as at firsts and turn up C at right angles to A, so that the points a 
and a (Fig 1) coincide Now look horizontally forwards at the end 
and draw its elevation on C m a similar manner to that drawn on 
B Remove the box and turn down B and C into the honzontal 
plane, when three drawings will be represented on one surface, as 
in Fig. 4 the plan on A, the side elevation on B, and the end 
elevation on G , thus giving all the information necessary These 
drawings are known as projections, because each point of the object 
is projected or thrown upon the portion of the plane exactly opposite 
to it; thus a , a', a " are all projections of the actual point A The 
lines a a f and a a " are called the projectoi s of point A. The three 
planes used m Fig 4 are usually spoken of as the three co-ordinate 
planes. 

Note — If the portion marked C m Fig 1 be cut out, then the two vertical 
planes w ould both fall hack above A, showing the side and end elevauons both 
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above the intersecting line. It is more convenient, however, m the projection 
of solids to obtain additional elevations without rotating the plan. 



When the projection is effected by parallel hues at right angles 
to the co-ordinate planes, it is termed orthographic projection, and 
every part of the object is represented its correct size by scale, no 
matter how distant In a perspective projection the eye is fixed, and 
the rays of light converge towards it ; hence, the back lines of an 
object are represented as they appear, that is, shorter than the 
corresponding front ones 

The system of lettering is as follows — The same point, whatever 
its position, is denoted by the same letter , thus, if A represents 
an actual pomt on on object, then a shows its plan, a ' its elevation, 
etc. The student should now draw roughly the plans and elevations 
of a number of simple objects, and m cases of difficulty place the 
object in the required position Remember — 1. The plan is seen 
by looking vertically downwards , the eye being supposed to be 
exactly opposite each point of the object mturn. 2 The elevation 
is seen by looking horizontally forwards 3. That every point in the 
plan is directly under the corresponding point m the elevation 

When a solid is bounded entirely by plane surfaces it is called a 
polyhedron , the plane surfaces are the faces, and the lines of inter- 
section of the faces are the edges If the faces are equal and regular 
polygons, the polyhedron is regular. 


K 
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There are five regular solids, each of which can be described in a 
sphere : — 

The tetrahedron is contained by four equal equilateral triangles 

(Fig 5) 

The cube is contained by six equal squares (Fig 6 ). 

The octahedron has eight faces, all equal equilateral triangles 

(Fig 7) 

The dodecahedron has twelve faces, all regular pentagons (Fig. 8 ) 

The icosahedron has twenty faces, all equal equilateral triangles 

(Fig 9). 

A pnsm is a polyhedron having its end faces equal, similar, and 
parallel, and its side faces parallelograms The straight line joining 
the centres of the end faces is the axis (A B, Fig 10). 

A pyramid is a polyhedron having a plane figure for its base, and 
its side faces triangles meeting at a point called the vertex The 
straight line joining the centre of the base with the vertex is the 
axis ( CD, Fig 11) 

When the axis is perpendicular to the ends or bases, the solid 
is a right prism as in Fig 10, or a right pyramid as m Fig 11 , when 
it is inclined to the ends, the solid is an oblique pnsm or pyramid as 
m Figs 12 and 13. 

Wote — Prisms and pyramids are named from the shapes of their bases , 
thus a square prism has two square ends, a hexagonal pyramid has a hexagon 
for its base, etc 

A sphere may be defined as a solid generated by the revolution 
of a semicircle about its diameter ; every part of its surface is 
equally distant from the centre (Fig 14) 

A cylinder resembles a prism It may he generated by the 
revolution of a rectangle about one of its sides (Fig 15). 

A cone resembles a pyramid. It may be generated by the 
revolution of a right-angled triangle about one of its sides (Fig. 16) 

If the upper part of a pyramid, cone, or other solid be cut away 
the portion left is called the frustum It is said to be truncated 
(Fig 17). 

The volume of any solid may be found by immersing it in a 
vessel full of water, and finding the volume of the water displaced 

THE CUBE AHD THE BIGHT SQUARE PRISM 

The method of treatment is precisely the same for both solids, 
hence they are taken together. 

TTotes — 1 In all cases the object should be used to illustrate the required 
position, as shown on page 129. 

2 Where dimensions are not given, draw to a large scale. 

8 The following contractions will be used — H P. (Horizontal Plane) 
Y.P (Yertical Plane) for the two co-ordinate planes, and 3C *5T for the Inter- 
secting Line 

PROBLEM 282 — Draw the plan and elevation of a cube having an 
edge of 2" — 1 With one face horizontal, and one face parallel to the Y.P. 

2 With one face horizontal, and one face inclined at 30° to the V P. 

3 With one face inclined at 30° to the H.P , and one face parallel to the 
VP 
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1 The plan is the square abed with a b parallel to X Y. The 
elevation is the square e'f V af. 

2 Draw the plan with cd inclined at 30° to X Y. Project as 
shown for the elevation. The edge c' g' is dotted because, though 
a necessary part of the construction, it is not visible 

3 The elevation will be the square e'f V a' inclined at 30° to 
the HP. Project as shown for the plan eh is shown m dotted 
line because it would not be visible 

PROBLEM 283 — To draw the plan and elevation of a square prism — 
1. When one face is horizontal. 2. When one face is inclined to the H.P. 
at 30°, and the axis is parallel to the V P. 

1 Five positions are shown, all of which may be readily followed 
with the help of the model 

Nos 1 and 2 show the plan and elevation when the prism is 
standing on its end, and are similar to the projections of the cube 
m Problem 282 

In 3 the prism is above the H P , with its axis parallel to the 
VP 

In 4 the axis is perpendicular to the V.P. 

In 5 one face is inclined to the V P. Draw the plan abed , and 
proj'ect the elevation as shown. 

2 Draw e' f making 30° with X Y. On it construct the elevation. 
Project the plan as shown 


DEVELOPMENT 

A drawing which shows the true shape of the complete surface 
of a solid all upon one plane, such as a sheet of paper or cardboard, is 
called a development of the surface. If the shape of this development 
be cut out, it can be refolded into a model of the solid Develop- 
ment is an important part of engineering drawing, as the surfaces 
of structures made from plates, such as boilers, must be developed, 
in order that the plates may be marked off. The surface of a cube 
is composed of six equal squares, which may be set out as shown m 
Pig. 18 Cut out the shape, leaving strips as shown for glueing the 
sides together. Perforate or half cut through along the dotted 
lines, so that they will fold correctly, turn up the sides, fastening 
them together by the glued strips. 

Fig 19 shows the development of the surface of a square prism, 
which may be made into a model as explained in the previous 
paragraph 

Fig 20 shows the development of the triangular prism. Strips 
for glueing up should be left on the sides of the triangles and on the 
long edge of one of the rectangles. 

Other prisms may be developed similarly, by setting out the 
parallelograms which form their faces, together with the polygons 
forming their ends 

The student should make models of the solids he needs as ex- 
plained m Figs 18-20 
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ALTERATION OF THE GROUND-LINE. — Attention is directed to 
this important principle at an early stage, as it is very desirable 

that the student should 
be accustomed to obtain 
projections at various 
angles by this method 
It has already been 
pointed out that some- 
times more than two 
views of an object are 
necessary to explain it 
clearly Fig 21 shows 
four different views of a 
square prism standing 
with one edge in the 
HP. 

To illustrate this, 
take the piece of card- 
board used to show the 
three co-ordinate planes 
m fig 4 Place the 
model and draw the 
plan A, the side elevation B, and the end elevation C, as shown m 
Fig 21. None of these views gives a clear idea of the appearance 
of the prism as a whole To obtain this, look at the prism from 
the direction of the arrow E, when the view D is seen, showing 
both the end and side elevations m one figure 

To show the plane upon which X) is to be projected, turn down 
plane C and draw X" Y" at right angles to E. Fold a piece of 
paper so as to form a hinge, glue it along X" Y 1 ' s and draw the 
the view 30 When turned down into the H.P., all four drawings 
will be seen on one surface. 

It will thus be seen that the three ground-lines X Y, X' Y', and 
X" Y" are allm the same H.P. Therefore any point of the prism , 
no mattei m what position it may be viewed , is the same height above 
its respective ground-line Thus V and will be the same eleva- 
tion above X' Y' and X'' Y H that V is above Y Y. 

Problems 284 and 285 illustrate this principle still further. 
PROBLEM 284. — To draw the plan and elevation of a box 3" long, 
2 " wide, and Ij" high, when its long sides are inclined at 45° to the 
V P. Also a second elevation on X" Y" 

First draw the plan, abed , and the elevation, a! V e’ when 
the long sides of the box are perpendicular to the VP. Now 
imagine a new Y.P making 45° with the long edge b c . This plane 
will intersect the H.P m X' Y', which becomes the new ground- 
hne 

Project at right angles from each point of the plan to this new 
Y.P., and set off the heights from the first elevation 

Any number of elevations may be obtained by imagining new 
vertical planes at right angles to the direction at which the box is 
viewed. For example, suppose a view is required from the direction 
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of the ariow-head A. Draw a new ground-lme X" Y tf at right 



angles to A m any convenient position, and project as shown m the 
elevation on the left 

Note. — Each point should be properly lettered as it is found. 


PROBLEM 285 — The plan and elevation of a square frame are 
given. Obtain an ele- 
vation when the face Prob 285, 


of the frame is in- 
clined at 45° to the 
VP. 

Draw a new 
ground-lme X' Y\ 
making an angle of 
45° with XY If 
the paper be turned 
so that X' Y' faces 
the student, it will 
be seen that a 6 , the 
plan of the face of 
the frame, is inclined 
at 45° to the new 
V.P Project at 
right angles to X' Y' 
from a and ft, and 
make a" and b” the 



same height above 

X' Y r that a' and V are above X Y. Now project from c and d for 
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the back, drawing the back edge from d m dotted line For the 
opening, project from e and /, making the heights the same as m 
the first elevation Now project from g and h for the back, and 
complete the figure, drawing the unseen edges in dotted line. 


SECTIONS 

Plans and elevations of objects do not always furnish sufficient 
information concerning them If, for example, the object be hollow, 
the arrangement of the inside parts is not shown clearly by dotted 
lines In a building it is necessary to show the position and size 
of the floors, inner walls, etc To do this, we imagine the object 
to be cut through by a plane, and the portion between the observer 
and the section plane to be removed, thus disclosing the interior 
The cut is termed a section, and the cutting plane a section plane 
At this stage, the sections dealt with will be chiefly those made by 
vertical planes 

To take a simple illustration, let a bed (Fig. 22) be the plan 
of a small cupboard containing one shelf. Suppose it to be cut 
through by a vertical plane, of which BE T is the horizontal trace, that 
is, BE T is the line of intersection between the section plane and the 
horizontal plane If we now imagine the portion of the cupboard m 
front of H T to be removed, then a' V f e 1 shows the appearance 
of the interior of the cupboard, and the position and manner in 
which the shelf is fixed. The solid portions cut through are 
indicated by diagonal section lines 

PROBLEM 286. — The plans of two cubes are given. — 1. Draw their 
sectional elevations when cut by the vertical plane* 1 2 and 3 4 
respectively. 2. Show the true shape of the section made by the 
plane 3 4. 3. Draw a sectional elevation of the cube on a plane parallel 
to3 4 

The difference between a sectional elevation and the true shape 
of the section should be carefully noted The sectional elevation 
shows the appearance of the object when viewed at right angles to 
% iht V F. of projection ; the true shape of the section is seen when 
viewed at right angles to the section plane . 

1. Project the elevations of both cubes As the section plane 
1 2 cuts the first cube from side to side, obviously the sectional 
elevation will be the square 1' 2' 2' 1', the whole of which should be 
indicated by section lines, which should be drawn at an angle 
of 45° 

In the second cube, project from 3, giving the elevation of 
the section, 3' 4 ' 4' 3'. The whole figure e' 4' 4' a ' us the sectional 
elevation, that is, the representation of the section, together with 
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that portion of the solid which lies between the section plane 3 4 
and the VP. r 


Fio 22 


Prqb. 286. 



2. The true shape of the section is obtained by rabattmg or turn- 
ing down the section plane, using 3 4 as a hinge, into the H P. 
Make 4 4 = 4' 4' The rect- 
angle 3443 shows the true 1* 

shape This may be also 
arranged as m Fig 3 

3 The sectional eleva- 
tion, which shows the true ^ 
shape of the section, is the 
view which is generally re- 
quired. To obtain it, draw 
a new ground-lme X' Y', in 
any convenient position, 
parallel to 34 Project as 
shown m Fig 3, making a" 
the same height above X' Y r 
that a ! is above XY It is 
not necessary to project 
from Z>, as the portion of 
the solid m front of 3 4 is 
supposed to be removed 
If any difficulty is experi- 
enced, a model cut out m soap or plasticene should be used 


ifl 
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PROBLEM 287— Given the plan and elevation of a hollow square 
block, cut by a vertical section plane 1 4. Draw an elevation showing 
the true shape of the section. 

Draw a new ground -line X 7 Y' parallel to 1 4 Project from 
c, 1 , 2 , 3, and 4 , and set off the elevation The block is cut from 
1 to 2 and from 3 to 4, hence these portions will be shaded m the 
elevation. Pioject from b, g, and h , the edges from b and h are 
not visible, and are therefore indicated by dotted lines It is 
unnecessary to project from any of the corners m front of 1 4, as 
they are supposed to be removed. 

PROBLEM 288. — The plan and elevation of two stone steps, cut by a 
vertical plane 1 3, are given Draw an elevation on a plane parallel to 1 3. 

Draw X' Y 7 parallel to 1 3 First obtain the upper step by 
pi ejecting from a, e, and / Draw a" e 77 for the top of the step., 
making a!' the same height above X 7 Y 7 that a' is above X Y. Now 
project from d, and draw the top of the lower step The upper 
step is cut from 1 to 2, hence project to l 7 and 2 7 The lower step 
is cut from 2 to 3, therefore project to 3 7 The shaded portion 
shows the true shape of the section because it is projected at light 
angles to the section plane 

PROBLEM 289. — The plan and elevation of a square prism are 
given — 1. Draw an elevation when the axis of the prism is inclined at 
60° to the V.P. 2 , Draw an elevation showing the true shape of the 
section made by the vertical plane X 3. 

1 Draw X 7 Y 7 making 60° with X Y Project from a and e> 
making a n and e n the same height above X 7 Y 7 that a' is above X Y. 
Draw a 77 e 77 , the top edge of the prism. Project from d, and 
A, and set off the heights from the end elevation as before Draw 
the ends and complete the prism as shown 

2. Draw the new ground-line X 77 Y 77 parallel to 1 3, and project 
an elevation of the prism as m the preceding exercise Now find 
the points of section as follows * — 1 cuts the edge dh , therefoie its 
elevation 1' must fall on d' n h!" At 2 the section plane cuts the 
top and bottom edges of the prism, hence 2 7 2 7 will be the points 
m the elevation. At 3 the plane cuts through the end at 3' 3 7 . 
Join the points and shade m the section. Now thicken m the 
portions of the solid behind 1 3. 

Notes — 1 A careful study of the last three problems should enable the 
student to deal with any simple case of sections by vertical planes. The 
section plane should be taken m various positions so as to get a complete 
grasp of the principles involved 

3 Draw the figures to a large scale, and carefully letter each point as it is 
obtained. 
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OTHER PRISMS 

PROBLEM 290. — To draw the plan and elevation of an equilateral 
triangular prism Side of equilateral base 1*7", length of prism 2 5". 

Four positions are shown. 

1. Standing on its base with a rectangular face inclined at 45° to 
the VP. — Draw a line inclined at 45° to XY, and on it constiuct 
the equilateral triangle a b c From this project the elevation. 

2. With a rectangular face horizontal and an end parallel to the V.P 
— First obtain the elevation, which will be the equilateral triangle 
a' V c'. From this project the plan abed 

3. With its axis horizontal and parallel to the VP. — First diaw 
the plan and elevation as m 2 Draw X' Y' parallel to the axis 
Project from the plan, making the height = the altitude of the 
triangle a 1 V c. Then abed will be the plan, and a" c " /" d " the 
elevation. 

This elevation might also have been obtained on X Y by turning 
abed with its axis parallel to X Y. The advantage of the other 
method will be obvious to the student, as it does away with the 
necessity for moving the plan 

4 With one face horizontal and its axis inclined at 45° to the V.P 
— Obtain the plan and elevation as m 2. Draw a new ground-lme 
X" Y" inclined at 45° to the axis of the plan , then abed will be 
the plan m the required position For the elevation project from 
each point of the plan As a , b, e, d are on the ground, it is only 
necessary to project their elevations to X'' Y". c" and /" will be 
the same height above X" Y" that d is above X Y. 

IVote — This problem should be carefully worked out by the student, as 
it furnishes the key to all similar projections of other prisms In positions 3 
and 4 repeat the end elevation and plan for each case separately, instead of 
projecting them both from 2, as there will be less liability of confusing the 
problems. 

PROBLEM 291. — The plan and end elevation of a triangular prism 
are given. Draw a new elevation on X' Y', also a sectional elevation 
on 1 3. 

1. Project from each angle of the plan to X' Y', making c" and 
f the same height above X' Y' that d is above X Y 

2 For the sectional elevation draw a new ground-line X" Y" 
parallel to the section plane 1 3. Project from 1, 2, and 3 As 
1 and 3 are on the H.P., project to X" Y". Make 2' the same 
elevation above X" Y" that d is above X Y Xow project from 
d i e, and/, for the end of the prism Join 2' and/''. 

PROBLEM 292. — The plan of a triangular prism is given Draw a 
sectional elevation on X Y. Also an elevation showing the true shape 
of the section. 

This may be readily followed from the figure For the true 
shape, draw the ground-lme parallel to 1 2. 
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PROBLEM 293 —The plan of an equilateral triangular prism, cut by 
a vertical plane 1 3, is given, Draw a sectional elevation on X Y. 

First obtain the tiue shape of the end by constructing the end 
into the V P This will be the equilateral triangle ABC. Project 
the elevation, obtaining the height from ABC 

To obtain the section, proceed as follows Point 1 is on a d, 
then its elevation must be on a ' d'. 2 is on c /, and its elevation 

will be on c'/'. Join 1' and 2' Point 3 cannot be directly pro- 
jected, as the plan and elevation are m the same straight line 
Construct it into the Y P as shown, when 3 3 on AB C will show 
how the section plane cuts the end of the prism Obtain 3', and 
join 2' and 3 

PROBLEM 294. — The plan of an equilateral triangular prism, cut by 
a vertical section plane 1 3, is given. Draw a sectional elevation on a 
plane parallel to 1 3. 

Wote — In drawing sections of solids with oblique faces, it is better to 
project the complete plan or elevation of the solid first, and then obtain the 
section 

Draw X Y parallel to 1 3 Project from each point of the plan, 
as m Problem 290. To obtain the height of the prism, rabatte the 
end into the H.P., when c C will be the elevation 

Now find the points of section Point 1 is on the face, and its 
elevation will be the line V V . Point 2 is on cf, and its elevation 
will be 2' on If J om 1' and 2'. The elevation of 3 is the line 
S' 3b Join 2 ' and 3' Notice that all lines lying between 1 3 and 
X Y should be thickened m, as they represent the portion of the 
figure left, after the part m front of 1 3 is supposed to be removed 

PROBLEM 295. — The plan and elevation of a dog-kennel are given. 
Draw a new elevation on X' Y', also a sectional elevation on 1 5. (Neglect 
the thickness ) 

1. First proj*ect the roof as a triangular prism, making a", b", 
c' the same elevation above X' Y' that b\ c' are above XY. 
Now project the sides of the kennel from e and /, and repeat for 
the back, showing by a dotted line where they meet the roof 
Project the doorway from g and h 

2. For the sectional elevation project from 1, 3, and 5, obtaining 
1,3, and 5' Jom these points, and project the sides from 2 
and 4. Project the end, and join with the elevation of the section 
The student should follow this problem carefully, noting the hidden 
lines (dotted) m the various projections. 
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PROBLEM 296 — To draw the plan and elevation of an equilateral 
triangular prism with one edge in the H P. at an angle of 30° to the 
V P ; one of its rectangular faces inclined to the H P. at 45°. 

Draw a' c' at 45° with X Y, and on it constuict the equilateral 
triangle a ' V c ' Project the plan as shown We have now the 
plan and elevation of the prism when the axis is at right angles to 
the V P. Draw X' Y' the ground-lme of a vertical plane inclined 
at 30° to the edge ad of the prism Project the edge a^to X'Y' 
Now project the other two edges as shown, making b" c" the same 
height above X' Y' that V and c' are above X Y. 


PROBLEM 297 — Draw the projections of a hexagonal prism on the 
three co-ordinate planes, when one face is in the H.P and one end 
parallel to the V.P (See pages 128 and 134 ) 

Draw the elevation a' V c' d' e f and project the plan as shown 
For the side elevation, project to Y Z, and obtain the heights 
from the end elevation. 


PROBLEM 298. — The elevation of a hexagonal pnsm is given Obtain 
the sectional plan when cut by the horizontal plane 1' 2'. 

Project as shown. Notice that it is not necessary to pioject 
from d' and e', as the portion of the prism above the section plane 
is supposed to be removed. 


PROBLEM 299. — A hexagonal pnsm has one face in the H P. Draw 
its elevation when its axis is inclined at 30° to the V P. 

First draw the plan and elevation when its axis is perpendicular 
to the V P. Now obtain a new ground-lme making 30° with the 
axis of the prism 

The projection may be easily followed from the figure The 
advantage of this method over that of moving the plan to an angle 
of 30° with X Y has already been pointed out 

Figure 23 shows the development of the surface of the hexagonal 
prism. The other prisms should be treated similarly. 


PROBLEM 300.— The plan of a regular hexagonal prism cut by a 
vertical plane, 13, is given, Obtain the true shape of the section. 

It is first necessary to rabatte the end of the prism into the 
horizontal plane to obtain the heights. Draw X Y parallel to the 
section plane. Project from 1, 2, and 3 The elevations of 1 and 2 
will be equal to the height of the end. At 3, the section plane cuts 
through the edges of the end face. To obtam the elevation, project 
from 3 to the end, when a b will show how the section plane cuts 
the end. Make 3' 3' the same height abctte X Y that a and b are 
above the H.P. 
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PYRAMIDS 

Figures 24, 25, and 26 show the plan and elevation of a square 
pyramid in three simple positions, which may be easily followed 
with the help of the model 

Figure 27 shows the development of the surface of the pyramid 
m Fig. 24 It is obtained as follows From v , the centre of the 
base (Fig. 24), draw vN = e' v' 9 the altitude of the pyramid Draw 
c V, the true length of the sloping edge of the pyramid. With 
centre O and radius c V describe an arc On this arc set off the 
sides of the base ab, be, cd, and d a Draw O a, Ob, etc. Onc^ 
construct the square base. Leave strips on the sides of the square, 
and on O a for glueing up. 

Other pyiamids may be similarly developed. 

PROBLEM 301. — Draw the plan and elevation of a square pyramid, 
when a triangular face lies in the H.P., and the axis is parallel to 
the VP. 

First draw the plan abed and the elevation a ' V e', when one 
edge of the base is parallel to the V P. The diagonals a c and d b 
represent the edges of the triangular faces. If we now turn the 
pyramid about the side be, so that a triangular face lies on the 
H P., we shall have the required elevation V a!' e". Project as 
shown for the plan. 

This method, though easy to follow, is cumbrous, and should 
not be resorted to m practice. Changing the ground-line is much 
quicker. This is shown on the right-hand side. 

Draw the plan and elevation as before 

Instead of turning the elevation a' V e' into the H P , draw a 
new ground-lme X x Y x along b' e'. If we now turn the paper, X x Y x 
will be the edge of the H P , then a ■ V e' will be the elevation of 
the pyramid when one triangular face is m the H P. 

For tine plan, project from a', V , and e Set off V c x , V b l9 etc. 
~b' c and V b, and complete as shown. Remember that c x must 
be the same distance from X x Y x that c is from X Y. 

PROBLEM! 302 —The plan and elevation of a square pyramid are 
given. Draw a new elevation on X' Y'. 

Project from each point of the plan. Points a , d, and e are on 
the H P, ; their elevations will be a", d", and e" on X' Y'. b" and 
c" will be the same height above X' Y' that V is above X Y. Draw 
a" b", b" c", and c" d". Join c" and b" with e". 

PROBLEM 303 — Draw the sectional plan of the square pyramid of 
which a’ V e f is the elevation. 

First project the plan of the pyramid, and then the section 
The portion of the pyramid which is supposed to be removed is left 
m light line. 
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Fig 27 /\ 
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PROBLEM 304 — Two elevations of a square prism cut by vertical 
planes 1' 2 ' are given. Draw new elevations, showing the true shape 
of the seotions. 

Remember that a neiv elevation mvst be projected from the plan 

1 Obtain the plan abed, and show the section plane, cutting 
the edges at 1, 2, 3, 4. Draw X' Y f parallel to the plan of the 
section plane, and project the elevation as shown 

2 As before, obtain the plan, and show where the section plane 
cuts the edges at 1, 2, 3 Draw the new ground-line parallel to 1 3 
Project the elevation Make 2" the same elevation above X" Y" " 
that 2' is above X Y 


PROBLEM 305 —The plan and elevation of a square pyramid cut by 
a vertical plane, 1 4, are given Draw a sectional elevation on 1 4. 

Draw a new ground- line parallel to 14, and project the new 
elevation of the pyramid Now project from each point of the 
section 1 and 4 are m the H P , and their elevations will be on 
X' Y' 2 is on e d , then 2' wull be on e" d n . Similarly, 3' will be 
on e" a" Complete the elevation as shown. 


PROBLEM 306 — Draw the plan and elevation of an equilateral 
triangular pyramid, when one triangular face is horizontal, and when 
the axis is parallel to the V.P. 

First draw the plan and elevation when standing with its base 
on the H P. The plan wull be the equilateral triangle a be, placed 
so that Jc is perpendicular to X Y. If we now imagine the 
pyramid turned upon b c , until the face B D C is m the H P , then 
the axis of the pyramid will be parallel to the Y P Project the 
elevation a' V d' 

Now proceed as m Problem 301, by drawing a new ground- line 
X 2 Y 2 through V d'. Then a' b' d' will be the elevation, the face 
V d d' being 111 the H P Project the plan c x b 1 d x as show r n. 


PROBLEM 307 — Draw the plan and elevation of a tetrahedron — 

1 When one face is horizontal, and one edge parallel to the VP — 

2 Draw a sectional elevation on 1 3. 

The tetrahedron is a triangular pyramid, each of its four faces 
being an equilateral triangle Its development is shown in Fig 28 
For the plan, draw the equilateral triangle abc For the eleva- 
tion, project from a, b, and ctoXY. To obtain the altitude, draw 
d D perpendicular to d c. As all the edges of the solid are equal, 
make c~D = c a. Then c D represents C D rabatted about its plan 
c d into the HP d D will be the altitude. 

2 Draw a new ground-line parallel to 1 3. Project the tetra- 
hedron, obtaining the height as before. Obtain the points of 
section as shown. 
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PROBLEM 308. — A right hexagonal pyramid stands with its base on 
the H P , and one of the edges of the base inclined at 20° to the V P 
Draw its plan and elevation when cut by a horizontal plane midway 
between its base and its vertex. 

The hexagon abode/ with c d making 20° with X Y, will be 
the plan of the pyramid. Project the elevation as shown. Draw 
the section plane midway between the vertex and the base. From 
the points 1' and 6' where the plane cuts the edges v'f and v' c 
project to the plans of those edges. From 1 and 6 draw parallels 
to the sides of the base., and complete. 

1ST ote — The lower portion of a pyramid formed by cutting off the top is 
called a frustum. 

PROBLEM 309. — The elevation of a right .hexagonal pyramid is 
given. Obtain the plan, also draw an elevation showing the true shape 
of the section, when the pyramid is cut by the vertical plane 1/ 2'. 

1. Project from a ', V , and d Take any point e and diaw e d 
and ef at 30° with X Y. Draw d a and fc parallel to e d and e / 
and complete the plan 

2 The new elevation must be projected from the plan, therefore 
obtain the plan of the section plane. Draw X 7 Y' parallel to 2 2 
Project the new elevation of the pyramid and find wheie the 
section plane cuts the edges. Notice that 1" will have the same 
elevation above X' Y' that 3/ has above X Y. 

PROBLEM 310 — Draw the plan and elevation of a right hexagonal 
pyramid when one triangular face lies on the H P., and the axis is 
parallel to the V.P. 

Draw the plan abed ef and the elevation f V v f when the 
pryamid is standing on the H P. By referring to the model it will 
be seen that the plan must be arranged with be at right angles to 
the Y P. , so that when turned about b c , the face VBC will rest 
on the H P. with the axis of the pyramid parallel to the Y P 

Draw a new ground-line X x Y ± through V v f 9 then if the papei 
be turned it will be seen that of d will represent the elevation of 
the pyramid when one face is m the H P., and the axis is 'parcdlel 
to the Y.P Project from a' 9 b', and v' for the plan as shown, 
remembering that a l9 b 1% c x , d 1 are the same distance below X 1 Y t 
that a } l 9 c , d are below X Y 

PROBLEM 311. — The elevation, a' c' v\ of a hexagonal pyramid 
having its axis parallel to the V P is given It is cut by a horizontal 
plane 1' 3'. Obtain the sectional plan 

It will be necessaiy to obtain the true shape of the base by 
rabattmg it into the Y.P Project from a', b\ c'. From V draw 
lines to meet the projectors from a' and d at angles of 60° 
Make A A = A b r , and complete the hexagon. 

Project the plan of the pyramid, making b a, a a, a b = a A, 
A A, A B For the section, project from 1' to a v, a v, from 2' to 
b b v , and from 3' to c v, c v. J om the points thus obtained, and 
complete. 
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PROBLEM 312 — To construct the plan and elevation of an octa- 
hedron : — 1 When one of its axes is vertical. 2 When one of its 
triangular faces is m the horizontal plane 

ISTote — The octahedron has eight faces, each of which is an equilateral 
triangle It is formed of two square pyramids placed base to base, and all its 
edges are equal. It has three diagonals, all of equal length. 

1 Draw ad at any given angle to XY. On it construct a 
square and draw the diagonals This will he the plan For the 
elevation draw a projector from e, and make the axis e' e' equal to 
a o . Bisect e' e f by a' c' and draw projectors from each angle of the 
plan. Join the points a', b c\ and d', with the points e', e' . 

2. As each face is an equilateral triangle, draw abc; this will 
be the plan of the bottom face. Describe a circle about the triangle, 
and draw the hexagon a e. Draw de, ef,fd . 

Project the elevation of the face a db To obtain the height, 
with centre b' and radius equal to an edge of the solid, as a cut 
the perpendicular from d m d! . Join d' with a' and From d’ 
draw d! e' parallel to X Y to meet the projector from e Join e 
and V . 

ISTote — The student should make an octahedron to illustrate these 
positions If a b (Fig 29) be the edge of the solid, develop eight equilateral 
triangles as shown, on cardboard or thick paper. Cut out the shape of the 
development, and fold the edges of the triangles along the dotted lines. 


PROJECTIONS WHEN THE FACE OF THE FIGURE IS INCLINED 
TO THE HORIZONTAL PLANE 

We have so far dealt mainly with Plans and Elevations of figures 
standing with a face m the H P., and with Sections made by vertical 
and horizontal cutting planes. Projections inclined to the Y.P. 
have already been dealt with by alteration of the Ground-Line (see 
page 134) 

In representing surfaces inclined to the two co-ordinate planes, 
it is more convenient to first assume that the plane upon which the 
surface rests is perpendicular to the V.P., and inclined only to the 
H P Such a plane is often spoken of as a singly or simple inclined 
plane Fig 30 shows a pictorial representation of this plane, 
which may be extended indefinitely on both sides of the two 
co-ordinate planes 

The lines where this plane meets the two co-ordinate planes aie 
called its traces, and the plane is usually represented by them, as 
shown m Fig. 31 , where the vertical trace (v t) shows the inclina- 
tion to the H.P., and the horizontal trace (h.t.) is perpendicular to 
the Y P 

It is obvious that the elevation of any surface lying on this 
plane will be m the vertical trace If other elevations, inclined to 
the Y.P , are required, they may be easily obtained by altering 
the ground-line. 
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PBOBLEM 313. — To draw the plan and elevation of an isosceles 
triangle (hase 1*5", altitude 2") when the base is m the H.P., and the 
plane of the triangle is perpendicular to the V.P., and inclined at 40° to 
the H.P. 

Mote. — To illustrate this problem fold a piece of paper and fasten it with 
a pm to the H P. with the crease perpendicular to the VP. If a triangle be 
drawn on the paper it may be arranged m the positions mentioned m the 
problem. 

Eirst Method — Draw the traces of a plane inclined at 40° to the 
H P. As the base of the tuangle is m the H P , it must be on 
the horizontal trace of the plane m which the triangle lies Draw 
the triangle a b C This will be the plan of the triangle when the 
inclined plane is rabatted into the H P , and V O' will be its eleva- 
tion If now the plane be rotated on its horizontal trace until it is 
inclined at 40°, then the point C will move along the arc to c', and 
V c' will be the required elevation of the triangle Project from 
c' to meet c C, the parallel to X X. Then abc will be the plan of 
the given triangle 

Other projections at different angles may be obtained by draw- 
ing new ground-lines Thus a " b" c" shows a new elevation of the 
triangle on X' X'. This elevation is inclined to both H P and V P. 

Second Method. — This problem may also be solved by changing 
the ground-line Draw the plan abc and the elevation V c' of the 
triangle when lying with its surface m the H P. Draw X x ’Y 1 m 
any convenient position making 40° with XX Xj X : may be re- 
garded as the intersection of a new hoi izontal plane with the V.P 
As a new plan is required-, lemember that it must be projected from 
the elevation Project from b r and c'. Make a l9 b v and c 1 the same 
distance below Xj X a that a , b , and c are below XX Then a 1 b 1 c x 
and V d will be the required plan and elevation, and will be found 
to correspond exactly with abc and b’ c ' m the first solution 

PBOBLEM 314. — a bed is the plan of a square with the edge ad m 
the H.P. Find the inclination of the square to the H.P. 

Through a d draw the horizontal trace of the plane containing 
the square. If this plane be turned into the H P , the plan of the 
square will he shown m its true shape by the square aBCd, and its 
elevation by the line a ' B'. If the plane be now rotated on its 
horizontal trace, until B' meets the projector from b , the elevation 
of b will be obtained. Draw the vertical trace from b 1 through a 
The angle V a' B' will be the required inclination 

PBOBLEM 315 — The elevation a! b ’ c' of an equilateral triangle 
standing m a vertical plane is given. Find its inclination. 

Draw v t , the vertical trace of the plane containing the triangle 
If the triangle a' V d be rabatted into the X P , its elevation will 



be the equilateral triangle a! B' C' If a! B' be now rotated until 
B' falls on the projector from V , the horizontal trace of the plane 
containing the triangle will be found, and the inclination to the 
Y P will be the angle B ’ a! b. 


JSTote. — Compare this solution with that of Problem 314. 
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PROBLEM 3X6 — Draw the plan and elevation of a right triangular 
prism 2 5" long, with equilateral ends of 1 5" edge, when one of the 
rectangular faces is inclined at 40° to the H.P , and one of its short 
edges is perpendicular to the V P Also show the form of a section 
made by a H P. passing through a point 0 5" below the highest point 

Draw v t and h t, the traces of a plane inclined at 40° to the H P. 
The rectangle d AS e will be the plan of the prism when one rect- 
angular face is in the H.P., and d! A' will be the elevation of d A 
Turn d' A' into the vertical trace d'a 1 . For the height of the 
prism rabatte the end, of which d e is the plan, into the H P This 
will be the equilateral triangle d e 3? Make a' c ' equal to the alti- 
tude of this triangle, and complete the elevation. How project 
each end of the elevation, and from this complete the plan 

For the section find a point 0 5" below c'. Draw the section 
plane 1' 2', and project as shown 


PROBLEM 3XT —The plan, fe d c v , of a right hexagonal pyramid is 
given The edge, a b , is m the H P. Draw an elevation on X Y. 

Through a b draw the horizontal trace of the plane containing 
the base of the pyramid Turn the base about the horizontal trace 
into the H.P. This will be the hexagon aiCDEF, the plan of 
the base when horizontal. Project to XT, giving E 'a', the eleva- 
tion of the base when in the H P Rotate a' E' until it meets the 
projector from e m e'. Through e' draw the vertical trace of the 
plane upon which the pyramid stands Project from f and v for v\ 
and complete the elevation 

PROBLEM 318. — The elevation of a square pyramid cut by an in- 
clined plane 1' 3' is given Draw the sectional plan, and the true shape 
of the section 

Draw the plan, and project from V and 3' for 1 and 3. It is 
evident that 2' cannot be projected directly to the plan, as the ele- 
vation and plan are m a vertical line , as, however, the diagonals of 
the base are at right angles, a horizontal line e e alrawn through 2' 
will give the width of the section at that point Make 2 2 = e e, and 
complete as shown 

The true shape is obtained either by rabattmg the elevation mto 
the V P , using the diagonal 1' 3' as a hinge, or by rotating it mto 
the H P The former method is used here as bemg more con- 
venient. Make 2 " 2" = 2 2 

PROBLEM 319, — The elevation of a hexagonal pyramid cut by an 
inclined section plane 1' 3' is given. Obtain the sectional plan, and the 
true shape of the section 

Project the plan of the pyramid and obtain 1 1 and 3 3. To 
obtain the width of the section at 2' ? it is necessary to project a side 
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elevation on X' Y' Draw e e the same height above X f Y' that 2' 
is above X Y Make 2 2 = e e, and complete 

For the true shape make 1" 1", 2" 2", 3" 3" = 11, 22, 3 3 
respectively 
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PROJECTION OF CURVED BODIES 
THE CIRCLE 

In projecting a curve, it is usual to determine the projections -of 
a number s of points m it, and then draw the curve by freehand 
through these points. 

It is not necessary to show the projections of the circle when 
parallel to either of the co-ordmate planes, or when perpendicular 
to both of them. When inclined, one or both of the projections 
may be ellipses. 

PROBLEM 320. — A circle is in a vertical position with its surface 
inclined at 45° to the V.P. Draw its plan and elevation 

Draw the elevation A' B' and the plan a b when the surface is 
parallel to the V.P Divide the circumference into any number of 
equal parts (8 or 12 most convenient), and mark the plans c , d, and 
e of the points C', D', E' on a b. Draw X' Y', the ground-lme of a 
vertical plane, inclined at 45° to a b If we now imagine the paper 
turned so that X' Y' is horizontal, then a b will be the plan of a 
circle inclined to X' Y' at 45°. From each point in the plan project 
as shown, making each point the same height above X' Y' as the 
corresponding point is above X Y The ellipse drawn through the 
points thus obtained will be the required elevation. 

PROBLEM 321.— A circle lies in a plane inclined at 45° to the H.P 
Draw its plan and elevation. 

tt —Draw the traces of a plane inclined at 45° to the 

H P. The circle A B is the plan, and the line A 7 B ; is the elevation 
when the circle is m the H P. If we now turn each point of this 
elevation into the vertical trace, then A' V will be the required 
elevation, and the ellipse A b the plan. 

Second Method —Draw the plan A B and the elevation a! V 
when the circle is m or parallel to the H P Draw X' Y' inclined 
at 45° to a! b\ Then a' V may be regarded as the required eleva- 
tion Project from a ' V for the plan, which will be the ellipse 


THE SPHERE 


PROBLEM 322. Two spheres of 3" and 1" diameter respectively 
are lying in contact with each other on the H.P. The line mining- their 
centres is parallel to the V.P. Draw the plan and elevation 


w -i3^ S l me J omm g the centres of the spheres is parallel to the 
v *% > t, e , atlon Wl11 be two cycles touching each other 

With a radius of 0/5" describe a circle on X Y This will be the 
elevation of the smaller sphere. Draw a parallel to X Y at a dis- 
tance 01 1*5 . From centre a' with a radius of 2" (1 5" 4. 0 5") 
describe an arc cutting the parallel in V. From V describe a circle 
having a radius of 1 5 , giving the elevation of the larger sphere. 
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For the plan, project from a! and V . Draw a b parallel to X Y. 
From centres a and b describe circles 

Figures 32 and 33 show sections of the sphere made by vertical 
and horizontal planes respectively. 
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PROBLEM 323. — The plan of a sphere cut by a vertical section plane 
1 5 is given Draw the sectional elevation. 

Project the elevation of the sphere. Descnbe a semicircle on 
1 5 , this will represent half the shape of the section when turned 
into the H P. Divide it into four equal parts, and from each point 
draw perpendiculars to 1 5, giving the widths for the elevation. 
Project from 1, 2, 3, 4, 5, and on each side of a' b' set off 22, 3 3, 
etc , giving the points 2', 3', 4'. Through these points draw the 
ellipse and complete the figure. 

PROBLEM 324. — A sphere is cut by an inclined plane V 5'. Draw its 
sectional plan. 

The solution,, which is similar to that employed m Problem 323, 
may be easily followed from the figure. 

THE CYLINDER AND CONE 

Pigures 34 and 35 show plans and elevations of the cylinder and 
cone m simple positions, and explain themselves. 

PROBLEM 325. — A cylindrical roller, 2' long and 1 5' diameter, has 
its axis inclined at 30° to the Y P Draw its elevation. Scale 1" to 

l 7 0" 

This is an application of Problem 320, and may be easily followed 
First draw the elevation and plan of the i oiler when its axis is 
perpendicular to the V P. Now draw the ground-lme X' Y making 
30° with the axis. Project each end as m Problem 320, and com- 
plete the figure. 

PROBLEM 326. — A cone has the diameter of its base 2 5", and its 
altitude 3" Draw its plan and elevation when lying on its side with its 
axis parallel to the V P. 

First draw the plan and elevation when its base is m the H P 
If we now draw a new ground-lme X' Y' along the side of the cone, 
and imagine the elevation turned so that X 7 Y' is horizontal, then 
a' b’ v' will be the elevation of the cone when lying on its side. For 
the plan, draw the axis parallel to X' Y' and project as m Problem 
325. 

PROBLEM 327. — A cone has its axis parallel to the V P , and its base 
inclined at 60° to the H.P 1. Draw its plan and elevation 2. Draw an 
elevation when its axis is perpendicular to the V P. 

1. Draw the vertical and horizontal traces of a plane inclined 
60° to the H P. (Probs 313 and 321) The circle A b will he the plan, 
and the line A.' b' will be the elevation of the base of the cone when 
standing on the H P Potate the circle into the vertical trace, set 
off the altitude of the cone, and complete the elevation. 

For the plan, project from each point as shown, and draw 
tangents from v to the sides of the ellipse. 

2. Draw the new ground-lme X' Y' perpendicular to the axis 
As a new elevation is required, 'project from the plan, obtaining the 
elevation of each point from the first elevation. 

Notes.— 1 A semicircle described upon a' b' will also give half the shape 
of the base of the cone, from which the measurements for the ellipse a b may 
be obtained. 

2. A cylinder with its axis inclined may be projected similarly. 
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Sections of the cylinder. When the cylinder is cut by a plane 
perpendicular to the axis, the section is a circle as m Fig. 36 

When the section plane is parallel to the axis, the section is 
rectangular, as m Figs. 37 and 38. To obtain the width of the 
section in Fig 38, it is necessary to rabatte the end into the Y P 
and transfer a a to the plan (11 = a a) 

When the section plane is inclined to the axis, the section is 
elliptical. 

PROBLEM 328 — The elevation of a cylinder cut by the plane 1' 4' 
is given. Draw the sectional plan, and the true shape of the section. 

The plan of the cylinder will be a circle Project from 4' fox 
the section. 

The true shape of the section will be a segment of an ellipse 
Draw 1" a parallel to 1' 4', and project from 1' and 4 /. Make 
4" 4" = 44 Draw 3 3 through the centre of the plan and obtain 
the elevation 3'. Project from 3', and make 3" 3" = 3 3, giving the 
greatest width of the section. To obtain other points m the curve, 
take points 2 2 m the plan, and project, making 2" 2" = 22 
Through the points thus obtained draw the curve. 

PROBLEM! 329. — The plan of a cylinder cut by a vertical plane 1 4 is 
given Obtain its elevation. 

First obtain the elevation of the cylinder as in Problem 325. 
Half only of the true shape of the end is shown, from which the 
measurements for the ellipses may be obtained. Project from 4 to 
the centre line of the elevation for 4' , from 1 to the face giving V 1'. 
From 2, the point where the section plane cuts the axis, project to 
the elevation for 2' 2'. If the ordinate a a of the semicircle be pro- 
duced to cut the section line in. 3, two more points m the curve may 
be obtained Project from 3, and set off the distance a a, on each 
side of the centre line for the points 3' 3'. Through the points 
obtained draw the curve, and complete 

PROBLEM 330 — The elevation of a cylinder cut by an inclined plane 
1/ 4' is given. Draw the sectional plan, and also the true shape of the 
section 

Project the plan of the cylinder, which will be a rectangle, and 
draw the axis a 4. Pabatte the end into the V.P. to obtain the 
width of the section Set off 1 1 = b 5, the width where the section 
plane cuts the end Project from 2', the widest part of the section, 
for 2 2 To obtain other points on the curve, take any point 3' and 
project, making 3 3 = c c Through the points obtained draw the 
curve, and complete The true shape is obtained as in Problem 328 
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There are five different figures formed (come sections) when the 
cone is cut by section planes — 

When the cutting plane is parallel to the base, the section is a 
circle, as m Fig 39 

If the cutting plane passes through the apex and any part of the 
base, the section is a triangle, as m Fig 40, where the true shape of 
the section and the sectional plan are shown. 

The other three sections are the ellipse, the parabola, and the 
hyperbola, which have previously been explained on page 110 


PROBLEM 331 — The plan of a cone cut by a vertical section plane 
1 7 is given. Find the elevation 

Draw the elevation of the cone, and project points 1 and 7 of 
the section to X Y*. Next obtain the height of the section With 
centre O and radius 0 4 describe a circle (Half only is shown , to 
avoid confusion) From a, the point where the circle cuts 6 d 
project to the elevation for a'. Through a! draw a horizontal hne 
representing the elevation of the circle, cutting the axis m 4', and 
giving the highest point of the section To obtain other -points m 
the curve, mark 2 and 3, and describe circles through them from O 
Project from b and c, where these circles cut O d, and drhw the 
elevations at V and c'. Projectors from 2, 3, 5, and 6 to meet these 
lines will give the lequired points of the curve. Draw the curve 
which is a hyperbola, and complete. 


PROBLEM 332. — The elevation of a cone cut by a section plane 3 / 4 ' 
parallel to its side is given Obtain the sectional plan and the true 
shape of the section. 


Draw the plan of the cone, and find points 1 1 and 4 of the 
section. To find other points in the curve, take any number of 
points, as 2 and 3', and draw horizontal section lines through each 
point Obtain the circles on the plan of which these lines are the 
elevations. Project from 2' for points 2 2, and from 3' for 33. 
Through the points obtained draw the curve. 

. Fc f, tFe *»?•» project at right angles to the section line 
i™ 2 * 1 9 4 -Draw a centre line, and make 1" T' 2" 2", 

3 3 equal to 1 1, 2 2, 3 3 of the plan. The curve drawn through 
these points will be a parabola. s 


PROBLEM 333. — The elevation of a cone cut by a section plane 1 ' f 
is given. Draw the sectional plan, and the true shape of the section 

Draw the plan of the cone, and find points 1 and 7. Take any 
number of points, 2', 3', etc , and imagine honzontal sections passing 
through them. The plans of these sections will be circles Proiect 
from 2 tot he plan of the horizontal section passing through it for 
i 3 io t?xe next circ * e > etc Through the points obtained 
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For the true shape, draw 1" 7" parallel to V and project from 
each point of the section line. Make 2" 2" = 22, etc. Draw the 
curve through the points obtained. The curve m both plan and 
true shape will be an elllipse. 
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PROBLEM 334. — A cone lying on its side is cut by a plane 1' 4' 
parallel to the ground-line. Draw the plan. 

Draw the plan as in Problem 326, and project for points 1 1 and 
4 Assume other points in the section, as 2' and 3', and draw 
sections through them parallel to the base, as before Draw half 
the true shape, and erect perpendiculars to the sections at 2' and 3' 
Project from 2' and 3', and set off distances equal to 2' 2' and 3' 3', 
on each side of the centre line of the plan, for points 2 2 and 3 3. 
Draw the curve through the points thus found 


APPLICATIONS OF SOLID GEOMETRY 

PROBLEM 335 — The plan and elevation of a lamp shade standing 
with its smaller end on the H.P. are given. Draw a fresh plan when 
the shade is lying with its side in the H P , and with its axis parallel 
to the V.P. 

This is an application of Problem 326 Draw X' Y' passing 
through a side, a! V, of the shade If this be now regarded as the 
edge of the EL P , then a 1 V c' d! will represent the elevation of the 
shade when lying on its side. Divide the circles m the plan into 
equal parts and project to the elevation m d f g ', as shown 
Project from V e' f g' c', at right angles to X' Y' Draw the axis 
b d parallel to X' Y f On either side set off the widths, making 
//=EF,^ = GG, etc Draw the larger ellipse, and repeat 
similarly for the smaller end. Tangents to the ellipses give the 
sides of the shade 

PROBLEM 336. — The elevation is given of an elbow formed by two 
pieces of cylindrical piping Draw the plan, and also the true form of 
the intersection of the pipes. Neglect the thickness of the material 

Project the plan of the elbow as shown. 

The true form of the intersection will be an ellipse, projected 
as m Problem 330 

PROBLEM 337.— The plan of a square pyramid is given. Draw an 
elevation on X Y. 

First obtain the plan and elevation of the base when the 
pyramid is standing on the H P. This will be the square A B c d } 
and the line A' d ( Problem 314). ftotate the elevation A' d until 
it meets the projector from a m a'. Draw the vertical trace of the 
plane upon which the pyramid stands Project from v to meet the 
elevation of the altitude, and complete the figure. 
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PROBLEM 338 — The roof-plan of a building is given, to a scale of 
10' to 1". Draw its elevation upon a vertical plane parallel to X Y, 
assuming that the height of the walls throughout is 20', and that the 
slope of the roof throughout is at 45° to the horizontal 

Project from each of the corners for the elevation of the walls 
To obtain the height of the roof, imagine a vertical section through 
h rabatted into the H.P , then h H will be the required height 
Project from 7i and Z, set off h H, and complete the mam roof. 
Similarly, e M/ represents the true shape of the gable. Project 
from m, and set off the height m M, giving m'. Project from g, 
and complete the figure 

PROBLEM 339. — Two similarly shaped mouldings P and Q, meet at 
MM A cross section of the moulding Q, is given. Show the shape of 
the section at the joint 

Project from each corner of the moulding to the plan of the 
section M M. Draw X X parallel to the section-plane M M, and 
project at right angles from each point on M M. Make 1', 2', 3', 
etc, the same height above XY that 1, 2, 3, etc, aie above s s, 
and complete the figure, which will show the true shape of the 
section at the joint M M. 


PROBLEM 340 — The front elevation and section of an equilateral 
pointed arch-opening in a wall are given. Two steps are also shown. 
Draw another elevation when the plane of the wall is inolined at 45° 
to the V P. 

Fust obtain the plan of the opening and the two steps, making 
bf= 12, and / c = 23 As a new elevation is required it must be 
projected from the plan Draw X' X' inclined at 45° to XY 
Project from a, b, and v , and make ct" , b n 3 v" the same height 
above X' X that a 7 b' v' are above XX To obtain the curve, take 
other points, as g ' and h! , the plans of these points will be g and A. 
Project for g\ h" Through these points draw the curve Obtain 
the back lines of the arch by projecting from d , Z, c, etc. For the 
edge of the first step, project from e and /, obtaining the height 
from the front elevation The edge of the second step is on the 
line of the back of the arch , set off the height, and complete the 
figure. 
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PICTORIAL OR METRIC PROJECTION 

This conventional method of projection is of great convenience, 
especially m the representation of rectangular objects, as the 
general appearance is seen at a glance For example, Fig 41 
shows the pictorial projection of a box , the horizontal and vertical 
lines are drawn correctly to a full-size scale, the oblique lines are 
drawn at an angle of 45° to a half-size scale This half-size scale 
for the oblique lines is usually adopted to avoid the distorted 
appearance that the object would present were these lines drawn 
to their full size. 

Fig 42 is the projection of a half-lap joint, the two pieces of 
wood are separated to show the fitting 

Fig 43 shows the projection of a mortise and tenon joint 


PROBLEM 341. — Three views are given of part of the corner of a 
frame, the halves being joined by a dovetailed notch Draw the pictorial 
representation m a manner similar to that employed for the cube, in 
which lines parallel to o y and o z are drawn horizontally and vertically 
to a scale of full size, and lines parallel to ox are drawn by using the 
45° set-square, and to a scale of half- size. 

Draw the front view with dimensions equal to those on A 
From each corner draw lines at 45°, making a b equal to half the 
width on B Complete the figure, showing the unseen edges by 
dotted lines 

Note — It is not necessary to copy the diagrams. The dimensions should 
be taken directly from the figures. 


PROBLEM 342 — Two views of a tusk tenon joint are shown. 
Represent the portion A ^ removed from B) in pictorial projection. 

Draw the front view, taking the dimensions from A, and proceed 
as m the previous problem. 


PROBLEM 343.— Represent the given hexagonal nut in pictorial 
projection. 

Draw the face as before. The construction may be readily 
followed from the figure. 
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EXERCISES 

CHAPTER XY 

Notes — 1 Any Figures relating to these Exercises will be found on the opposite 
page Copy the given figures at least twice the given size 

1 The elevation of a right hexagonal pyramid is given. Determine its 
plan 

2 Draw the side elevation and plan of a pentagonal prism, 3" long, of 
which the given figure is the end view. 

3. The lines ab, a c are the elevations of two circles Obtain their plans. 

4. The elevation of a square pyramid cut by a plane a b , is given. Drav 
its plan 

5 The end elevation of a hexagonal pnsm, If long, cut by a plane a b, is 
given. Draw the sectional plan 

6 The plan of a sphere is given Determine the sectional elevation made 
by a vertical plane passing through a b 

7. The elevation of a cylinder cut by a horizontal plane is given Draw its 
plan 

8. The lines ah, a c are the plans of two unequal equilateral triangles 
Draw the elevation. 

9 The elevation of a square pyramid, lying on one of its triangular faces, 
with its axis parallel to the vertical plane, is given. Find the sectional plan 
made by a plane cutting the pyramid through a b. 

10. The plan of a tetrahedron is given Find an elevation on a b . 

11. The elevation of a right square pyramid is given. Determine its 
sectional plan when cut by the plane a b 

12 Draw the sectional elevation of the square prism when cut by a vertical 
plane a b. 

13 The plan of a cube cut by a vertical plane is given. Find its elevation. 

14. The plan of a cone is given. Find the elevation of the section made 

by the vertical plane a b (Pi ob 331 ) 

15 The given figure represents the plan of a pentagonal pnsm, l' r m height, 
surmouuted by a cylinder 2" m height Draw the elevation when cut by a 
vertical plane through a b 

10. A pyramid having for its base a square of 2*5" sides, and its axis 3*25" 
long, rests with one face on the horizontal plane. Draw its plan, and a sectional 
ele\ ation on a vertical plane, represented by a line bisecting the plan of the axis 
and making 60° with it. (Sc ) ( Piob . 301 ) 

17 Draw the plan of the above pyramid when its base is inclined at 47°, 
and one edge at 27°. (Sc ) 

18 . Draw the plan of a right pyramid whose base is a hexagon of 1*25" side, 
and its axis 3 25", when it stands upright on a horizontal plane Give the 
section made by a vertical plane which cuts off half one edge and a quarter of 
the next, measuring downwards from the vertex (Sc.) 

19 Draw the plan of a cube 3 ,f edge, m any position, as long as no edge 
is horizontal. (Sc ) 

20 A pentagon, ABODE, side 1 75", revolves upon the lme joining A 
with the centre of the opposite side, till its plane becomes inclined to the vertical 
plane at 50° Draw its plan. 

21 The plan of an equilateral triangular pnsm is given. Draw its elevation 
onXY. (Sc) 

22 . A rectangle, length 2*5", breadth 1 75”, is the plan of a square. 
Determine the inclination of the plane of the square (Sc ) (Piob. 314.) 

23 . The plans of two cubes are given, the smaller resting on the laiger. 
Draw an elevation on xy, and a section on a b. (Sc ) 

24 A square prism, 3" long and 1 5 ,f square, lies with one of its side edges 
horizontal, and one of its sides inclined at 30° Make an elevation on a vertical 
plane which is at 50° to the axis. (Sc ) 

25 The given rectangle represents the elevation of a square. Determine 
the inclination of its plane to the vertical plane. (Sc.) 
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CHAPTER XTI 

THE APPLICATION OF GEOMETRY TO THE SETTING OUT OF 
SCHEMES OF ORNAMENTAL PATTERNS, THE CONSTRUCTION 
OF UNITS OF PATTERNS, THE SPACING OF SURFACES FOR 
DECORATIVE PURPOSES, AND TO THE CONSTRUCTION OF 
ARCH FORMS, TRACERY, AND MOULDINGS 

The importance of geometry as the groundwork of design can 
hardly be over-estimated All patterns which require repetition 
must be arranged upon a geometrical foundation The triangle, 
square, diamond, hexagon, octagon, and other polygons, with the 
circle and the ellipse, are the chief forms used in geometrical 
ornament, and when repeated form good patterns. 

Natural forms , such as leaves and plants, however, give a much 
greater and more varied field of treatment. In using natural 
forms for ornament they must be arranged and adapted according 
to the nature of the material in which they are to be expressed, 
and also so as to properly cover the shape which is to be ornamented. 
For example, the treatment of a plant, used as the motive or 
principle for decorated ironwork, would be very different to its 
treatment when used for curtain or wall-paper patterns ; m the 
first case the treatment would be more rigid and severe to be m 
keeping with the metal used, while m the latter it would be more 
flowing and less formal This adaptation of natural forms is what 
is termed conventional treatment. 

A knowledge of the apphcation of geometry is essential m 
architecture and window tracery , m wall decoration , m mosaics, 
parquetry, tiles, floor-cloths, carpets, and rugs ; in inlaid wood- 
work or marquetry , m pottery and coloured glass-work ; m metal- 
work and jewellery ; and in many other crafts. 

The examples given are necessarily only suggestive of the many 
varieties of patterns which may be formed, and the student should 
not rest content with merely copying the given figures {which 
should he done to a larger scale), but should vary the treatment and 
invent fresh patterns of his own. 

For further information the student should consult such works 
as Lewis Day’s “ Ornamental Design,” Jackson’s books on 
“ Design , 99 and Meyer’s “ Handbook on Ornament 99 

Most geometrical ornament may be arranged in one of the 
three following classes— 

1 When the ornament is continuous, as in bands or borders, 
such as Figs. 1-19, 39, 43, 57, etc 

2 When the ornament is repeated m flat patterns over an 
unlimited surface as m diapers, such as Figs 33, 59, 74, etc 

3 When the ornament fills an enclosed space as m panels, such 
as Figs. 112-155, etc. 
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EXPLANATION OP TEEMS USED 

A few terms of frequent occurrence are explained here 

Eepetition means a succession of the same form It is the basis 
of decorative art, but becomes monotonous when not varied ; hence 
the reason for the introduction of the square panels in the fret; 
bands, Figs 13 and 15 In Fig. A the line A is repeated at a, a, a, 
while it is reversed at b , b; that is, the same form is repeated m an 
opposite direction, or contrasted 

The repetition of any form on its axis produces symmetry, one 
of the most important principles used m producing ornament, 
thus the repetition of the curved Imes on the axis X Y produces 
the like-sided ogee form contained in the rectangle 12 3 4 

It is very important that the student should clearly understand 
what is meant by the unit of design, or the “ unit of repetition,” as 
it is often termed. In Fig A the “ unit of design” is the ornament 

Fig A 



included m the rectangle 12 3 4; this ornament when repeated 
forms an “ all-over ” pattern. 

TTote. — On many of the following patterns the extent of the unit is 
indicated by dotted lines. 

The construction lines used in the setting out of geometrical 
patterns for parquetry (inlaid woodwork for flooring), mosaics 
(patterns composed of stone, glass, clay, etc ), floor-cloths, carpets, 
window-glazing, wall-decoration, ceilings, etc , are arranged to 
form a network, so as to secure accuracy both of construction and 
repetition The nets most frequently used are those formed of 
squares and of equilateral triangles 
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THE SQTTAHE NET 

Tlie square network may be arranged m two positions — First, 
as in Fig B, where horizontal lines are crossed at right angles by 
vertical lines, or as in Fig C, where the lines are drawn at an 
angle of 45° 

The best way to draw the first network is to rule horizontal 
lines at equal distances apart with the T-square, and cut these 
lines with a line at 45°. Through the points where this line cuts 
the parallels, rule the vertical lines with the set square. This 
secures both accuracy and quickness 

Fig B Fig C 






For the second net, set off equal divisions on either a horizontal 
or a vertical line, and draw lines at 45° on each side of the points 
of division 

This second arrangement gives the diamond or lozenge Upon 
these two nets an infinite variety of patterns may be formed 

Figs. 1-19 show a number of simple straight line bands. Figs 
5, 6, 11, 12, 13, 14, and 15 are Greek frets Fig. 16 is a Chinese 
fret. Fig 10 is a plait Figs. 17 and 18 are Arabian or Moresque 
interlacement bands Fig 19 is the Gothic nail-head ornament. 
The monotony of Figs 13 and 15 is broken by introducing square 
panels 

Some of the more common terms used in connection with the 
laying out of ornament can be simply illustrated by means of the 
network. 

If each square be filled by a repetition of the same pattern, a 
diaper is formed, Fig. 20. 

If the alternate squares only be filled the arrangement is called 
chequering, Fig 21 

When larger intervals are left between the filled up spaces the 
method of setting out is called spotting. Sometimes smaller units 
are filled m between the spots , this is what is known as powdering. 
Fig 22 a a, etc. , indicate the latter process 

If the pattern be arranged in rows with spaces between, the 
method- is called striping (Figs 23, 24) Wide stripes are called 
bands, narrow ones lines. 

The term diaper is so frequently used that a more detailed 
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description is given Strictly speaking, the term was applied to 
those repeated patterns m which the unit of design was confined 



within a geometrical form, as in Fig 20 Afterwards developments 
were made to relieve the monotony of the pattern, and portions of 
the unit were allowed to run out of one form into the other, as m 
Fig. 25; or the boundary lines of the geometrical form were 
ornamented, as m Fig. 26 These arrangements are known as 
“ all-over ” patterns 


N 
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Sometimes the formal geometrical shapes are entirely omitted, 
as m many wall-paper patterns, producing what are sometimes 




Figs 27-34 are all formed on a square net ; Figs 27-31 by 
tilling groups of squares Fig 32 is a plaid formed by “ lining- ” m 
two directions Figs. 33 and 34 are more difficult fret diapers, 
the pattern of which shows much clearer when filled m as shown, 
lhe unit of repeat is indicated by dotted lines. In drawing com- 
plicated frets the student should first mark m such parts as a, 
which recur at regular intervals ; then such lines as b, which fall 
midway between 
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Pigs. 35 and 36 are Arabian frets. Pigs 37 and 38 illustrate 
the zigzag or chevron Pig 39 is a variation on the zigzag similar 
to an Egyptian border , the Egyptians used the zigzag to represent 
water. Pigs. 40, 41, and 42 are borders of overlapping, alternating, 


Pig 43 



and interlacing squares. Fig 43 is a more complicated interlace- 
ment band ; the unit of repetition is indicated by the dotted lines. 


COMBINED SQUARE AND DIAMOND NETS 

A combination of the square and diamond nets gives octagonal 
forms which are not, however, equal sided. The method of 
inscribing a regular octagon in a square is shown m Figs 52 and 
53. In Pig. 52 the octagon has its alternate angles in the sides of 
the square , m Pig. 53 its alternate sides coincide with the sides 
of the square It will be noticed that the octagon will not repeat 
by itself when placed side by side, quadrangular spaces being left 
between. 


Pig. 44. 



Pig. 45 



Figs 44-51 are simple diapers formed on the net. Pig. 51 is 
an octagonal band. 

Pig 52 is a diaper formed by intersecting octagons. Fig. 53 
is a diaper o5 regular octagons and squares. 
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A network formed by producing the sides of intersecting squares 
is used for many Moorish patterns First draw a square diamond 



net, then describe a circle about one of the squares, and obtain the 
intersecting square as shown Produce the sides of the second 


Fig 51 
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square, giving the other lines for the net. Fig. 54 shows a diaper 
on this net. The spaces may be filled up m a variety of ways. 


THE TBIANGULAB NET 

If we draw the lines of the net crossing at an angle of 60°, we 
obtain a rhombus Cross this net by lines passing through the 
wider angles of the rhombus and we get the equilateral triangle. 
The net may be arranged m two positions, as m Figs. 55 and 56. 
It is the most useful net for the designer, as it is the readiest basis 
upon which “drop” patterns may be formed. The equilateral 
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Fig 52 


Fig 53 



Fig. 59. 


Fig 60 
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triangle, the rhombus, and the hexagon, and other shapes formed 
from them, all make perfectly fitting diapers upon the net 


Fig. 61. 



Fig 62 



Fig 63 



Figs 57 and 58 are bands suitable for textile Mosaic borders. 
Figs. 59-62 are diapers based on the hexagon Fig. 63 is a 
marquetry pattern from an Indian box. 


THE CIRCLE 

When curves are introduced the designer’s field becomes still 
more fruitful. Figs 64-73 are bands based on the circle, Figs. 


Fig 64. Fig 65. 



68-71 are various forms of the guilloche, a pattern largely used by 
the Assyrians and Greeks ; Figs 72 and 73 are “ scale’' bands In 
Fig 73 the treatment of a corner is shown In designing a border. 
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1 84 

set out the comer first , the ornament should he arranged so as to 
tend to bind the borders together. 

The simplest diaper formed from circles is when they are 

Fig 66 Fig. 67 



Fig 72 


Fig 76 



arranged on the square net, with their edges touching, as m Fig. 
74 When the circles intersect, much more elaborate patterns are 
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Fia 76. 


Fig 77 
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obtained. Figs 75, 76, 77, show diapers formed by intersecting 
circles on square and diamond nets These patterns may be 
enriched by the addition of ornament to the spaces Figs. 78 and 
79 are scale diapers. 


Fig. 82 



Fig* 85 Fig. 86 



Figs 80-82 are arranged on the diamond net. In Fig. 80 the 
alteration of the radii of the circle will produce a variety of patterns 
Different methods of filling the spaces are shown. Figs. 81 and 82 
are scale diapers. 
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Figs 83-88 are diapers formed from ogee curves , Fig 84 is a 
double ogee ; Figs 85 and 86 are interlacing ogees set out on an 
oblong foundation Fig 87 is based on circles arranged on a 

Fig 87 Fig 88 



square net, while in Fig 88 the circles are on a triangular net 
The spaces may be enriched either by geometrical or by conven- 
tionalized natural forms. 


COMBINATIONS OF THE STEAIGHT LINE AND CIECLE 

Combinations of straight and curved lines afford a still greater 
variety of patterns. Figs. 89-96 show various band motives , Figs 


Fig 89 


Fig 90 
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93 and 94 show combinations of tangential straight Imes with 
curves ; Figs 90, 91, 93, and 94 are interlacing bands , Figs 95 and 


Fig 94 
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96 are rosette bands Different methods of filling the rosette are 
suggested 

Figs 97-100 show diapers composed of straight lines and 
circles Fig 100 is arranged upon a square diamond net , figs 98 
and 100 are suitable for the spacing of ceilings 

The student must be accustomed to the analysis of the pattern as 
well as to the building of it up, that is, when a pattern is given, to 
be able to construct the geometrical foundation upon which it is 
based. This may be done by noticing the lines upon which any 
single feature recurs. 


COMBINATIONS OF FREE CURVES WITH GEOMETRICAL FORMS 

In the following examples, free curves, chiefly plant forms, are 
used m combination with the more formal geometrical forms It 
has already been pointed out that a much greater variety of more 
beautiful designs may be obtained by the use of free curves, such as 
those suggested by the growth and outlmes of leaves and flowers 
In the repeating borders which follow, the lines of the settmg- 


Fig 101 Fig 102 



Fig 105 


out are shown. The chief difficulty is the comer, which should be 
dealt with first. As a rule, it is better to ornament it more fully 
than the other part of the border, and to use lines which tend to 
hide the mitre hne, and which add an appearance of strength to 
the 3omt 

Figs 101-105 show various borders The necessary construction 
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lines, which must be set out first, are clearly shown The centres 
for the circular arcs, m Figs 101 and 102, are shown by the small 
dots In Figs 103 and 104 two corners are shown Where the 
lines are arranged, as in Fig 105, it is necessary to reverse the 
direction in the centre of the border. 

Figs 106 and 107 show the settmg-out of circular borders. 


Fig 106 Fig 107. 



Large mouldings, like the torus moulding on the bases of pillars, 
are often ornamented m various ways Figs. 108 and 109 show 
two simple examples and the constructions necessary to draw them 
Figs 110 and 111 show how an e< all-over v pattern may be 
formed 

In Fig 110, a is the given unit It is evident that the figure is 
formed of semicircles described from the angles of squares. Draw 
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the square net and construct the pattern The spaces mav he 
further enriched with ornament. 

In. Fig 111 the given leaf-form, b , by repeating and reversing, 
forms a diaper It will be seen that the figure can be enclosed m 
an oblong First draw the rectangular net and form the pattern 
as m Fig A, page 175. 

ISTote.— ' These patterns should be drawn much larger, and tracing paper 
may be used for the repeats & f f 

ENCLOSED ORNAMENT 

The preceding figures furnish examples of continuous ornament, 
as m bands , and of repeating ornament, as m “all-over ” arrange- 
ments, such as diapers The third division includes the spacmg 
and ornamenting of enclosed figures, and may be termed panel 
ornament The chief forms to consider are the square, the oblong, 
the triangle, the lozenge, and the polygons, of which the hexagon 
and the octagon are the most important 

THE SaUARE 

Figs 112-123 indicate some of the ways m which the surface of 
the square may be spaced. The leading lines for the subdivisions 

Fig 112 Fig 113 Fig 114 Fig 115 
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are the diagonals and the diameters In Fig 122 the square is 
subdivided into sixteen squares, and then lines are drawn from the 
middle points of the sides at an angle of 60° 

Fig 122 Fig 123 



THE CIRCLE 

Under this heading will also be included sectors, stars, etc 
The circle is spaced better, as a rule, by using curved lines, or a 
combination of curved and straight lines, particularly when applied 


Fig. 124 Fig 125 Fig 126. 



Fig 127 Fig 128 Fig 129 



to tracery, as shown on page 204 The problems dealing with the 
inscription of circles m Chapter XI. form the bases of the construc- 
tions in most cases. 
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THE CIRCLE— THE OBLONG 

By dividing the circumference of the circle into equal parts and 
drawing radii, sectors are formed, which are the foundation of 
rosettes, as m Figs 95, 96, and 124 If the points of TubdivLn 
be joined the inscribed polygon is formed, as m Probs 81-86 
.page 40 By joining every second or third point various stars are 
obtained, as m Figs 126-128 Three forms of the eight-pointed 
star are shown , other stars may be formed m a similar mann“ 


Fig 130 Fig 131 



Fig 132 Fig. 133 



Circular panels may be ornamented m various ways — by divid- 
mg into circular bands, as is often done with plates, salvers, etc , 
each band being separately ornamented as m Figs 106, 107, and 
130 ; by inserting regular geometrical figures (squares, polygons, 
etc ), as m Fig 131 , by using arcs, as m Fig 132 , or they may 
be treated m a similar manner to the rosette, as m Fig 133 


THE OBLOHG 

This is, perhaps, the most common form of all Ceilings, floors, 
walls, doors, book-covers, and many other objects take tins shape 
The relative proportions of the sides differ so much that the spacing 

o 






an equal width of border all round. Figs. 134-138 show simple 
subdivisions of the figure. 


THE TRIANGLE, THE LOZENGE, THE SPANDREL, AND THE 
ELLIPSE 

The triangle and lozenge are not commonly used. Figs. 139- 
145 show subdivisions of these figures. When the rhombus (lozenge) 
is not subdivided, the ornament is grouped about the diagonals as 
in Fig. 146. 

The spandrel is the irregular triangular space between the out- 
side of an arch and the right angle enclosing it as m Fig. 14*7 ; or 
the space between two arches and the line touching them as m 



\^/ '' 

The surface of the ellipse may be divided by elliptical bands, 
similarly to Figs 107 and 130, or circles may be inserted as m 
Fig 123. 

REGULAR POLYGONS 

The polygons most commonly used in ornament are the octagon 
and the hexagon. The diagonals and diameters intersecting give 
a great variety of subdivisions, of -which Figs 149-152 are examples. 
Star-shaped polygonal figures are shown among the examples on 
the square and circle The hexagonal bands and diapers also 
suggest many suitable spacmgs of the hexagon Figs 153 and 154 
show the simplest subdivisions obtained by using the diagonals and 
diameters respectively. Fig. 155 shows a division based on the 
six-pointed star. 
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Fig 149. 


Fig. 150 



Fig 153. 


Fig 154 


Fig. 155. 




WAIL SURFACE 

Wall surface is usually divided horizontally into five divisions, 
namely, the plinth, dado, wall-vail, frieze, and cornice, with borders 
and mouldings between, as m Fig. 156 Each of these divi- 
sions is ornamented in a different manner; the dado being the 
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supporting part, as it were, has a more formal treatment, while 
the upper portion is usually decorated with 
a freer pattern Sometimes vertical divisions, Fig 156. 

such as pilasters, are added The spaces 
between are then usually decorated as en- 
closed ornament 


CONSTRUCTION OF PATTERNS TO A LARGER 
OR SMALLER SCALE 

This is easily done by applying Problems 
117-119. Suppose, for example, it is required 
to make an enlarged copy of a unit of the 
given border, Fig 157, making its height 1J". 

The unit would be the portion of the 
pattern between the lines a a and b b Draw 
the centre line, and set off the border line 
(half of 1J") on each side. Construct a 
proportional scale, making A A = 1J" (the 
required height), and A a = a a (the given 
height). 

Set off A 2 = 12 and A3 = 13 Draw 
parallels giving the required dimensions for 
the enlarged unit With radius A 2' describe 
the circle, and with radius A3' mark the 
boundary lines of the unit Any other neces- 
sary dimensions may be found on the scale 
m a similar manner. The circle may be 
divided into five sectors by the help of the 
dividers, or by Problems 86, 81, of 108. 



Fig 157. 


\d \b 



In Fig. 158 the border is reduced so that the unit a a to b b is 
reduced to 2". Make A A = 2", and draw A 6 = ab For the 
required height set off A 1 = a a, and obtain Al. Set off Ac = etc, 
and obtain the radius for the smaller semicircle as shown. The 
rest of the construction may be easily followed. 
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Fig. 158 




AJtCHES 

The curves of arches may be produced in such a number of 
ways, that it is only possible to show typical cases The alteration 
of the position of the foci from which the curves are struck provides 
a great variety of forms A few problems are worked out from 
given data ; m the case of the other figures the position of the 
centres (C), the lengths of the radii, and the dotted construction 
lines, sufficiently indicate the method to be followed. 

The distance from A to B (Fig 159) is the span of the arch. 
A and B are termed the springing points. X) is the crown and 
C D the height of the arch. The separate stones are called 
voussoirs, and the central stone (a) is the key-stone. The outside 
of the voussoirs is the extrados, or back, and the inside is the 
intrados, or soffit. 

Some of the most typical forms of arches are — 

The semicircular arch Fig 159 

The stilted arch, which stands upon upright lines Fig 160 
The segmental Arch described from one centre. Fig 161 
The segmental arch described from two centres Fig 162 
The horse-shoe or Moorish arch Fig 163 
The pointed horse-shoe or Moorish aich. Fig 164 
The equilateral arch. Fig 165 

The lancet arch. Fig 166 The centres lie without the span. 
The obtuse arch Fig 167. The centres lie within the span. 
The three-centred arch. Fig 168. 
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_ r 1 To construct this arch, the span A B and the height of ED beimr mven 
Make AC, B C, and. D. F all equal .Torn F and cfand b.sect. Where the 
bisecting Ime meets D E produced will be the third centre From the points 
C, C, C describe arcs L 

The depressed Tudor arch described from four centres Fu*. 169 

The ogee arch described from three centres Fig 170. 

The ogee arch described from four centres Fig 171. 

Given span A B, and height ED Draw DP paiaHel to AB. Join 
DA and D B Mark any point G where the arcs unite Bisect AG for 
centres on span. Join C G, and produce to meet F D for the othei centres. 

The round-headed trefoil. Fig. 172 

The pointed trefoil Fig. 173 Obtain A E and E F, and bisect 
A E for the centres on A B 

The elliptic arch Fig 178. The joints between the voussous 
are obtained by drawing normals to the curve as m Problem 2bl 
1 or the outer line make the normals equal, and sketch in the curve. 

The rampant aich has one springing point 
higher than the other. 

To construct it, join A and B. Describe a 
semicircle and draw perpendiculars from any num- 
ber of points to the circumference From the 
same points draw vertical lines Make cdl = ul 
if = ef } etc ’ 



MOTTLDINGS 

Mouldings are very important architectural features They are 
used to improve the appearance of the angles, projections, arches, 



doors, windows, etc , of buildings. The profile of mouldings varies 
according to the style of architecture The Greeks and Homans 



MOULDINGS 


201 


used eight forms, namely the fillet, the cyma recta, the cyma reversa, 
the cavetto, the ovolo, the head, the scotia, and the torus These 
they frequently enriched with either carving or colour. Figs 174 
and 176 show the cornice and base respectively of the Roman 
Ionic older with the mouldings m position , those marked a are 
fillets Fig 175 shows another cornice with the cavetto, ovolo, 
and bead As these curves are not quadrants like Figs 183 and 


Fig. 176 Fig, 177 



184, the method of obtaining the centres is shown. Fig 177 is an 
enlarged drawing of the scotia m Fig 176, showing how the centres 
of the arcs are obtained 

I Roman mouldings are formed from arcs of circles 

Fig 179 is a fillet or hand, a narrow flat member generally 
separating other mouldings 

Fig 180 is an astragal, or head 

Fig. 181 is the torus moulding, used m the bases of columns, and 
frequently ornamented with the guilloche 

Fig 182 is the scotia, a sunken moulding at the base of a 
column 

The centres for the quadrants must be m one line (See also Tig 177 ) 

Fig. 183 is the ovolo or quarter-round, often encircled with the 
egg-and-dart ornament 

Fig 184 is the cavetto, the reverse of the ovolo. 

Figs 185-187 show three forms of the cyma recta. 

In Fig 185, a b = a c ; and m Fig 186, a b is greater than a c In both 
figures the centres he m the parallel drawn through the middle point of o c 
In Fig. 187, the point d is not the centre of b c, and the centres are obtained 
as shown. 

Figs 188-190 show three forms of the cyma reversa. 

In Fig 188, a b - a c ; m Fig. 189, a b is less than a c. The centres of both 
figures he m the parallel to a b through the middle point d In Fig 190, the 
point d is not m the centre of 6 c Figs 1 85-190 are also known as ogee 
mouldings 

II. Grecian mouldings are usually rormed from conic sections— 
the ellipse, parabola, and hyperbola — and are therefore much more 
varied and graceful in contour. 
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Given ah and he, also d, the point where the moulding turns. This turn 
is called a quirk. Divide ae and ed each into any number of equal parts, 
and draw the parabolic curve as in Problem 265. 


Fig 192 is another echinus. Here the curve is the hyperbola. 

Given ab and h c as before. Make d f any convenient length, the alteration 
of the position of f changes the character of the curve 

Fig. 193 shows the cavetto formed by the quarter of an ellipse 

Fig 194 is the scotia formed from a semi-ellipse. 

Given fe, the depth of the curve. Draw e h parallel to c d, and construct 
the semi-ellipse m the parallelogram c h. 

Figs 195 and 196 show the cyma recta. 

In Pig. 195, a 6 is greater than he. The construction can easily be 
followed 

In Fig 196, ah is less than he. Make ce = cd Join e and a Draw cf 
parallel to a e, and proceed as m the last figure. The curve lies within the 
parallelogram a e cf. 

The cyma reversa is similarly constructed to the cyma recta. 

If Figs. 195 and 196 be turned at right angles, they will show the cyma 
reversa. 
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Fig 197 shows Nicholson’s method of obtaining any ogee curve. 

Join a and c. On do and a d describe arcs, from any convenient centres as 
C C. Take any number of points, 1, 2, 3, etc From these points draw per- 
pendiculars to the arcs From the same points draw parallels to b c. Set off 
on these parallels, distances = the perpendiculars at the same point , thus 
3 a r = 3 «, etc 



Figs 198-208 show the application of Geometry to simple 
tracery. The light centre lines form the foundation, and portions 
only of the figures are completed, so that the construction lines may 
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be seen Draw the figures to a much larger scale For further 
information the student is referred to works on architecture. 
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centre for the circle m Fig 208 is obtained by cutting the height 
with the arc ah 23 

Fig 209 shows the construction of a more elaborate example of 
tracery. First inscribe three circles m the circle The centres for 
the inner foils are shown on the figure Centre 1 lies on the line 

Fig 209 



used to find the centre of the inscribed circle , 2 and 3 are equi- 
distant from the centre a The foils m this case are not tangential 
to one another, as tangential arcs would not combine so agreeably 
with the curves of the inscribed and enclosing cncles. 


EXAMINATION PAPERS 

The following Examination Papers of the Board of Education 
not only furnish suitable tests for the student, but also provide a 
number of valuable illustrations of the application of Geometrical 
Drawing to Ornamental Design, etc 
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EXAMINATION PAPERS 


April 28, 1906 
6 to 7 30 p.m. 

GEOMEXKICAL DEAWIHG. 

N B — The diagram referring to question 6 is to he prided through or 
accurately t) an sf erred to the paper Failing this , mai Ls will be 
deducted . 


Section A 

Read the general instructions 

You MAY ATTFMPT THItn QUTSTIONS ONLY, W HICH MUST BI SOL\ri> ACCURATI L3, , 

using insthumunts 

The constructions must be strictly geometrical, and not the result of calculation or 
trial 

All lines used %n the constructions must be clearly shown 
Set squares may be used wherever convenient Lines may be bisected by trial 
1 A drawing is made to a scale of 2' to 1" ( 5 \) Make a scale for this di awing to 
show metres (up to 4), decimetres, and (diagonally) centimetres Figure the scale 
properly, and show by two small marks on it how you would take off a distance of 3 
metres 7 centimetres You may assume a metre to be equal to 39" 

1 metre = 10 decimetres = 100 centimetres (22 ) 

*2 Draw a figure similar to that in the given diagram, making the rectangle 4£" x if" 
Determine clearly all points of contact between circles (20 ) 

*3 Copy the given diagram, making the radius of the enclosing circle 1£" The radii 
of all the other circles and arcs are equal Deteimine all points 0 1 contact (18 ) 



4 Construct a square of 2 8" side. Within it inscribe a rectangle having its four 

angles in the four sides of the square, and its sides parallel to the diagonals of the square 
One side of the rectangle is to be twice as long as the adjacent side (18 ) 

5 Draw a line AB, 3 75" long Find a point C, 1 2" from the line AB, and so 

placed that the lines CA and CB form a nghc angle (14 ) 

*0 The diagram shows the cross-section of a box having its lid open at right angles 
Make a plan of the box, the outside length being 2£" Show also an elevation on a vertical 
plane making 60° with the long edges ot the box Only visible lines need be drawn 

AO 

7 A hollow sphere of 3£" outside diameter, formed of material f" thick, is cut by a 
plane which passes 1" fiom the centre of the sphere and is inclined at 60° to the horizontal 

( 20 .) 

Section B 


Read the general instructions 

You MAY AXTKMPT TWO QUESTIONS ONT,Y 

All freehand work employed m this section must be neat and careful, and its intention 
must he made quite clear 

All consti uctions must be clearly shown 
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*Q Show clearly the construction you would use m setting out the nattern of the s-iven 
open-work panel, ignoring the surrounding framework yfuTdrawing Should be mlde 
St m€S the 8126 ° f ^ dlagram Mark distmctl y ^atyou^nsider the^um^of 
* (20 ) 

Q.8. 



9 v A pavement is to he formed of square and regular octagonal tiles, each of 3"/eage 

Draw the pattern with instruments, to a scale of i full size, showing clearly your method 

of work Draw at least four tiles of each kind. Indicate plainly what you consider the 
unit of repeat (16) 

no Show what geometrical constructions you think desirable m drawing the given 

panel (18 ) 

*11 Draw an approximate section of the given moulding, at least twice the size of the 
diagram Straight lines should be ruled, but curves may be drawn either freehand or w ith 
compasses All “ enrichments ” or decoration of the parts should be disregarded (16 ) 

*12 Make an approximate sketch plan, and front and side elevations, of the harpsi- 
chord shown, indicating your methods of projection None of the painted ornament 
should be drawn ( 9 * * * * * 1S ) 
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EXAMINATION PAPERS 
April 27, 1907. 

6 to 7 30 p m. 

GEOMETBICAL DBA WING 

N B — The diagram s referring to questions 6 and 7 are to be prided through 
or aceui ately transferred to your drawing-paper, if you attempt these 
questions Failing this , marks will be deducted 

Section A 

Read the general instructions 

In this Siction ion may attempt thpee questions only, showing youk know- 
ledge by THE USE oe i instruments The constructions must therefore be strictly 
geometrical, and not the result of calculation or trial 

All lines used m the consti notions must he cleai ly shown 

Set squares may he used wherever convenient Lines may be bisected by trial 



1 Make a plain scale, one-seventh of full size, by which feet, inches, and balf-mches 
may he measured up to 3 feet The scale must be properly finished and figured, and is 
not to he “ fully divided ”, te inches and half-inches are not to he shown throughout 
the whole 3 feet. Make a reduced drawing, to this scale, of the sheet of drawing paper on 


which you were working (22 ) 

*2 Draw half the given figure, making the half-length 2f" and the height 1" Show 
all your constructions, and all points of contact between circles (20 ) 

(N B —The diagram is not drawn to scale ) 

*3 Copy the given figure, making the radius of the outer circle 1 5" The outer 
cinquefoil is to he formed of semici't cles, the mnei one of tangential arcs (18 ) 

P 
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4 About a circle of 1 3" radius describe a quadniateial ABCD bavmg the following 

dimensions - AB = 3", BC = 3 2". 

The angle B CD is 82° 

Show all the constructions you employ, and determine the points of contact Measure 
carefully and write down, the remaining sides and angles of the figure (16 ) 

5 Find the shape of a sheet of paper such that when it is folded across the middle each 
half-sheet shall have the same shape as the whole sheet Make the longest side 3" long 

(18 ) 

*6 The diagram shows the side elevation of a shallow , circular, metal bath, resting on 
the ground and against a wall Draw either the plan of the bath, oi its elevation on a 
vertical plane parallel to the wall (20 ) 


Q- 8. 



* 7 . The roof-plan of a building is given, to a scale of 10' to 1 " Draw its elevation 
upon a vertical plane parallel to the line xy, assuming that the height of the walls through- 
out is 10', and that the slope of the roof throughout is at 45° to the horizontal Only visible 
lines need be shown. (18 ) 


Section B. 


Bead the general instructions. 

In this Section xou max attempt two questions only 

All freehand work employed in this section must he neat and careful, and its intention 
must be made quite clear 

All constructions must 6e clearly shown 
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Q. 10, 



Q 11. 
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*8 Draw, with instruments, a system of construction lines on which the eivsn re™.* 
'?S P att e r n can he set out Then sketch in the mam featuies of the design sufficients 
Sp^t y ° Ur con8truotIon Mark cl «“ly what you confider the ra.t of 

*® diagram is copied from an old Moorish tile Set out accurately with mil!,, 
ments the pattern of which you suppose this tile was intended to form 1 , mstru " 

least four tdes The dark portions should be indicated by slight shadmgT P ’ as) 

10 Make a careful approximate copy of the arch shown b Use aief of > 18 A 
Z^ md Sb0W thelT POms 0f ~ **ake yo™Xw.n U gnSrsleTil?S r ^ 

( 20 ) 


Q. 12. 
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May 2, 1908 
6 to 7.30 p m 

GEOMETRICAL DRAWING 

Section A 


Read the geneial instructions 

In Tins section you may attempt three questions only, showing tour TCNAU 
ledge BY THE USE OF instruments The constructions must therefore he striSv 

geometrical, and not the result of calculation or trial e we Blncti y 

All lines used in the constructions must be clear hj shown 

Set squares may be used wherevei convenient Lines may be bisected by trial 



1. Construct a diagonal scale two-thirds (f) of full size, by which inches and hundredths 
of an inch can be measured up to 6 inches Figure the scale properly, and show by two 
small marks on it how you would take off a distance of 5 1 1 Jt 

Draw, to this scale, an equilateral triangle of 4 82" side, and write down the length of 
its altitude (22 ) 

*2 The diagram shows a regular 8-pomted star, resultmg from the inscription of two 
Squares withm an outer square Draw the figure, making the outer square of 2 \" side 

*3 Make an enlarged copy of the diagram, using the following dimensions —The 
radius of each of the two smaller arcs is to be 1 ", and that of each of the two largei ones 
3J" Show how you determine every point of contact U 8 ) 

(N B — The diagram is not drawn to scale } 
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4 Desci ibe a cn cle of f radius With any point on the circumfei ence of this cu clc as 
centie, describe a circle of 2" ladius Draw the curve every point on which is equidistant 
fiom these two cncles Find at least eight points on the cui ve (20 ) 

*5 Copy the given section of a moulding, enlarging the total height to 3", and the 
othei dimensions m proportion The centies of the arcs are shown (20 ) 

*6 The diagram shows the cross-section of a box with a hollow or “caddy ” lid, which 
is open at an angle of 30° The outside length of the box is to be 2 25" 

Diaw ( a ) the plan, (b) ilia front elevation of the box Only the visible lines need he 
shown m each case (18 ) 

7. A cylindrical pipe, outside diameter 21", inside diameter 2", is cut across by a plane 
making 45° with the axis of the cylinder 0raw the ti ue form of the section (20 ) 


Q 9. 



Section B. 


Read the general instructions 

In this section you may attempt two questions only 

All freehand work employed in this section must be neat and careful, and its intention 
must be made quite clear 

-411 constructions must be clearly shown 

*8 The given form can be combined with squares to produce a repeating diaper 
pattern Work out, using instruments, two ways m which, this can he done Mark very 
clearly the unit of repeat m each case, and indicate what you consider the most practical 
method of obtaining a number of repeats (18 ) 

*9 Draw neatly, with instruments, to about twice the scale of the diagram, the frame- 
work on which you would set out the given pattern Mark very clearly what you consider 
the unit of repeat Sketch enough of the pattern to make your intention plain, and show 
not less than six repeats of the framework. (18.) 
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tvt ™ S.° Py the qual , re " fo11 P anel as exactly as you can, using instruments throughout 
Make the dimensions of your drawing twice those of the diagram nh\ 

qi t 1 ? Show a geometrical framewoik on which the given tile boidei could be set out 
mabout a unit of repeat to show the application of your method f 20 'i 
nl * 3 f n - r *° ? ew l are of a Ja P ane , sc tea P°t Make a careful approximate sketch 
plan and side elevation The animal on the lid need not be drawn (18 ) 


Q 12 
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May i, 1909. 

6 to 7.30 p m. 

geometrical drawing 

Section A 


Read the general instructions 

In THIS SECTION YOU MAY ATTFM'Pr TITnrtt nnrsn’mve ___ 

IiFdge BT im cse of iBSTEOMEOTs The compactions must be 'ZctlT'Z' 
metrical, and not the result of calculation 01 trial ore De stliCti y Seo- 

AU lines used in the constnictions must he cleaily shown 
Set-squares may be used * hem er convenient Lines may he bisected by trial 

•which decimetres, centime^esTScf^ milhmetres^k? bemeasmed up to 3 decimetres by 

% :g and 8h0W by tW ° Smal1 

Ry XHC&TIS of tllG SC&lC (llRW £t cxiclc of 125 v^rlTnc anil ,»-* i % - 

“ttoSdf “ l01,g Wnte d °"“ “ mlUlmetles <l«ance ot this chord S the cent're 

2 w Zht 

inscribe fiu ! equal cncles, each touching two of the others and one side of the decagon 
shown) a pr0tl<lCl01 1S used for measurlu S an angle, such use must be clearly 


Q i 

A B 


Q 6 





*3 The curve of the given “ scotia " moulding is made up of two quadrants or quarter 
cncles JDiaw the figure from the given dimensions ( lb ) 

(N B —The diagram is not drawn to scale ) 

*4. The diagram shows the leading lines of a w indow composed of three semicircular* 
headed «« lights " included under a tliree-centred arch The side lights are to be each 3' 
wide, while the middle light is to be 2' wide and to have the centre of its semicircle 2' above 
those of the other two Parts of the side semicircles also form part of the enclosing arch. 
Draw the figure to a scale of 2' to 1 " Show clearly how you obtain all points of contact 
CIO.— The diagram is not drawn to scale,) (20 ) 

* 3 
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5 Two fixed lines A B and CD of indefinite length, cross one another at an angle of 
70° A third line E F, 3" long, is movable, so that the end E tra\els along the line A. B 
while the end E travels along the line C D Draw the complete curve traced bv the 
muddle point of E F J 

(It will be sufficient to find some 12 to 16 points on the cane ) (18 ) 

*© The diagram gives the front elevation of a regular five-pomted star, which is cut 


Q 7 



q. a 



out of material y thick Draw the plan of the star, anc 
Yertioal plane rncllned at 60" to that of the giten eletatil.n 

the nlantf the afX 13 glVe “ of a 8 P here wh » dl tests 
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Section B 


Read the general instructions 

In THIS SECTION YOU MAY ATTFMPT TWO QUFSTIONS ONLY 

All freehand work employed m this section must be neat and careful, and its intention 
must be made quite clear 

All const 1 ) ucttons must be Hea 1 ly skoion 

*8. Draw with instruments the mam geometrical construction lines you would employ 
m setting out the given pattern Show plainly what you consider the piactical or woikmg 
unit of repeat (20 ) 


Q. 10o 



9 Show how you would ai range a number of ciicular discs of h " radius as a diaper 
pattern — 

(i ) \\ hen each disc touches four otheis 
(iO When each disc touches si\ otheis 
(m) When each disc touches three others 

Draw the necessary constructional framewoik in each case, and show cleaily what you 
consider the unit of repeat sn each pattern (20 ) 

*10 bet out caiefullv the lines of one quarter of the gi\en bookbinding, making your 
drawing to tw ice the scale of the diagram (I s ") 

*11 Make a modified version of the border of intei lacing circles, in which the radii 
shall be f", f", and 1 " respectively Show at least two lepeats of the unit U6 ) 
*12 Sketch approximately, in outline, the plan and the front and side ele\ations of the 
woikbox and its lid show n in the diagram, omitting all merely ornamental details Arrange 
youi drawings so as to show how one is piojected from anothei C 9 i0 ) 
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April, 1910. 

6 to 7.30 p.m. 

GEOMETRICAL DRAWING. 

Section A 


Read the general msti notions 

In this section YOU may attempt three questions only, showing IOUR KNOW- 
xiDGr BY THE use OF instruments The constiuction must theiefore be strictly geo- 
metrical, and not the result of calculation 01 trial 

All lines used m the constructions must be clear ly shown 

bet-squares may be used wherever convenient Lines may be bisected by tual 

1 A plan is drawn to a scale of 1" to 75' Make a diagonal scale for the plan, by which 



single feet may be measured up to 400' Figure the scale properly, and show by two small 
marks on it how to take off a distance of 87' 

By means of the scale draw a quadrant of a circle of 227' radius, and write down m feet 
the length of its chord (20 ) 

*2 Copy the given figure, making the radius of the enclosing circle If" 

(N B — If a proti actor is used for measuring an angle, such use must be clearly 
shown ) (18 ) 

*3 In the diagram the two quatrefoils are composed of semicircles and tangential arcs 
respectively Copy the figure, making the diameters of the semicircles I" (18 ) 
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*4 The diagram shows the outline of a <( four-centied ’* Gothic aicli, the positions of the 
centres being maiked Draw an arch of exactly the same shape, enlarging the width 01 
span to 4" Show clearly all points of contact (20 ) 

5 Construct a rectangle 4" long and 2£" wide Make a point m one of the long sides 
1-fc" from one corner This point is to be one point of a lhombus nisei ibed m the lectangle 
W ithm the rhombus inscribe a square, and within the square inscribe a circle (lb ) 

6 A rectangular packmg-case 3'xi'x 1' has its largest faces tilted at 60° to the 
giound One of the longest edges is on the ground and another rests against a veitical 


Q 9 



wall ^calerKo D; the &nd alS ° an eIevatlon on a veitlca * P^ne parallel to the 
*?; ^lan and elevation are given of an archway with semicircular head and on^sfen 
of the wall° nd elevatlon upon a vertlcal plane which makes an angle of 45° with the plane 

(20 ) 

. Section B 

Read the general instructions 

An^ HIS u SI ’? ION J OU MAy ATTEMPT TWO QUESTIONS ONL1 

imibe ^ r mtrqmtecleS Pl0ye ‘ 1 m ‘ h,S BeCt ‘ 0n must 1,6 “** “ d careM ’ “<» »“ent'on 
All constructions must le clem ly shown 
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*10 Net out, with instillments, the leading lines of the left-hand half of the given iron 
work panel, doubling the dimensions of the photograph It is impoitant that the relative 
pioportions of the parts should be retained (20 ) 

*11 Draw neatly, with instruments, the geometncal pait of the given stone medallion, 
to twice the scale of the photograph (18 ) 


Q 10 




*12 Make an approximate sketch-plan, and front and side elevations, of the given ram- 
pipe head, omitting merely ornamental details Airunge your diawmgs so as to show how 
one is projected from another (18 ) 



‘ llt| 
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May 6, 1911. 

6 to 7 30 p m 

GEOMETRICAL DBA WING 

Section A. 


Read the geneial instructions 

In this section ion mat attempt three questions only, showing tour know- 
ledge by THE USF oe instruments The constructions must therefore be strictly geo- 
metrical, and not the result of calculation or tual 

All line s used m the const? notions must be cleat ly shown 
Set-squares may be used wherever convenient Lines may be bisected by trial 
1 Make & plain scale, to show feet and inches up to 5 feet, on which a distance of 
3' 6" is represented by 4|" Finish and figuie the scale neatly and carefully 

Diaw to this scale an oblong 3’ 3" x 2' 5", and in the centre of it place a second oblong 
of the same shape but having its longer sides 2' 9" Measure the breadth of this smaliei 
oblong to the neaie&t halt inch (20 ) 




Q 6 




*2 Complete half the given figure, which is made up of legular pentagons Make the 
radius of your enclosing circle 2" Show clearly any construction you employ (20 ) 
*3 Copy the given figuie, making the radius of the outer circle If", and that of the inner 
one in proportion (18 ) 

*4 Draw the given figure The curves are to be composed of arcs of circles of 0 5" and 
I 5" radii (20 ) 

5 Two straight lines, AB and C D, aie 3" and 3 5" long respectively A is l 5" 
from C, while B is 1" fiom D and 3 5" from C Describe two aides each touching both 
A B and C D» one passing ilnough A, the othei tlnough B ) 
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*6 The outline of a " scotia ” moulding is shown If two lengths of this moulding are 
“ mitred ” togethei at right-angles, show the true form of the cut suiface of the untie (18 j 
*7, A lamp shade, m the foim of a truncated legularhexagoual pyramid, is made ol six 


Q 8 



Q 9- 



Q n 


II 1 

□ 



let 1 

□ 


pieces of card, of the exact shape and size shown 

rkAttlTlATO 


Draw its plan and elevation m any 
( 20 ) 


Section B. 

In this secttoit you mat attempt two questions onlt 
murt L mlTqart 0 e r cC Pl0yed “ 8ection mnst be neat atld careful > and its intention 
All constructions must be clearly shown 
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*8 Show, using instruments, how you would set out the geometrical framewoik off the 
given openwoik panel None of the “ cuspmg " need be drawn (20 ) 

:, 9 Draw neatly with instruments the framewoik 01 “ net ” of tbe given pattern Show 
clearly what you would intend to be the unit of repeat, and finish not less than foui of these 
so as to show repeats both m width and height (20 ) 


Q. 10 



*10 Set out, as nearly as you can, the construction needed fnr the geometrical part of 
the ornament round the semicircular doorhead of which about half is shown Only one unit 
of each ornament need be completed Make youi drawmg twice as large as the diagram 

(18) 

*11 Kedraw the given figure, altering the proportions of the parts so that the sides of 
the four comer panels shall be exactly half those of the centre panel Make the side of the 
outside squaie 3", and the margins thioughout 0 2" wide (16.) 

*12 Draw an approximate sketch-plan with front and side elevations, of the given 
steps Arrange youi drawings to show how one is piojected liom the other (.18 ) 
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